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THE HYDROPHYLLACEAE OF UTAH^

N. Duane Atwood-

Abstr-act.— This paper is a revision of the Hydrophyllaceae of Utah. Nine genera and 52 species

are treated. Keys, descriptions, sj'nonymy, illustrations, distribution maps and citations for represen-

tative specimens are included.

Prior to the beginning of this work, Hydrophyllaceae Lindl.

the Hydrophyllaceae of Utah were not Hydrophyllaceae Lindl.. Nat. Syst.. ed. 2: 271.

well represented in Utah herbaria. This 1836.

has been due mainly to the endemic na- Perennial, biennial, or annual herbs,

ture of many of the species, which has or shrubs; leayes simple or pinnate;

made it difficult to obtain adequate flowers perfect, regular, 5-merous, mostly
flowering and fruiting specimens. The in cymes, these mostly scorpioid; calyx-

present work is the result of five years lobes 5, similar or dissimilar, sometimes
of active field and laboratory research accrescent in fruit; corolla-lobes 5; sta-

toward this goal. It is hoped that the fol- mens 5, exserted or included; pistil 1, of 2
lowing treatment will aid identification united carpels, ovary superior, 1 -celled or

and other work dealing with this family. more or less completely 2-celled; styles 2,

The genera and species are alphabetically or if 1 then 2-cleft fruit a longitudinally

arranged. dehiscent capsule; seeds 1 to over 100.

la. Plants aromatic shrubs; leaves leathery, evergreen; Washington County
2. Eriodictyon

lb. Plants annual or herbaceous perennials; leaves not leathery or evergreen
2

2a. Calyx-lobes dimorphic, the 3 outer conspicuously enlarged cordate and
veiny in fruit, the 2 inner lobes linear; Washington County

9. Tricardia

2b. Calyx-lobes similar in size, or if somewhat unequal then not with the

above combination of characters 3

3a. Plants acaulescent; flowers solitary at the end of elongate, naked pe-

duncles 4. Hesperochiron

3b. Plants mostly caulescent; stems more or less leafy; flowers in scorpioid

cymes or solitary in the leaf axils 4

4a. Ovary unilocular 5

4b. Ovary partially or completely divided by the intrusion of the narrow
parietal placentae 7

5a. Plants perennial; stamens exserted 5. Hydrophyllum
5b. Plants annual; stamens included 6

-Bureau of Land Management. Cedar Cit}-, Utah 84720.
'Funded in part by Bureau of Land .Management, Salt Lake City, Utah.

1



GREAT BASIN NATURALIST Vol. 36, No. 1

6a. Herbage glabrate; stems sharply angled and armed with minute, reflexed

prickles; seeds usually 1 7. Nemophila

6b. Herbage viscid and scented; stems not as above; seeds 7-15

3. Eucrypta

7a. Stamens unequally inserted on the corolla tube; flowers axillary, solitary

in small dense leafy clusters 6. Nama
7b. Stamens equally inserted on the corolla tube; flowers mostly in cymes

8

8a. Corolla pale yellow or cream colored, marcescent; flowers long-pedicel-

late, the pedicels and flowers ca 1 cm long, pendulous
1. Emmenanthe

8b. Corolla blue, purple or white, if yellow then less than 1 cm long
8. Phacelia

1. Emmenanthe Benth. Wisperingbells

Emmenanthe Benth. Trans. Linn. Soc. 17: 281.

1835.

Plants annual, villous and glandular;

leaves alternate, sessile or nearly so, ob-

long, pinnatifid; inflorescence with pen-
dulous flowers on filiform pedicels; corolla

cream-colored, marcescent; sepals shorter

than the calyx; capsules, unilocular, ob-

long, compressed; seeds numerous, reticu-

late, compressed.

1. Emmenanthe pcnduliflora Benth.
Map 1

Emmenanthe penduliflora Benth.. Trans. Linn.

Soc. Bot. 17: 281. 1835.

Map. 1. Utah distribution of Emmenanthe
penduliflora Bcntli.

Plants annual, 1.9-6.4 dm tall; stems
erect, hirsute and glandular-viscid; leaves

alternate, pinnatifid; inflorescence of scor-

pioid terminal cymes, hirsute; sepals ovate

to lanceolate, 6-10 mm long, hirsute; co-

rolla light yellow, campanulate, 8-12 mm
long, 6-10 mm broad, pendulous, stamens
included, subequal, equally inserted at the

base of the corolla-tube; style included, 2-

cleft at the apex; ovules numerous, pen-

dulous, seeds ca 15, dark brown, 1.4-2.5

mm long.

Southern Utah and Arizona, west to

California, March to May. Commonly
along streams and on slopes below 4,000
feet elevation. Usually as understory.

Type locality: California, Mount Pinos.

Washington County: 1 mile west of the Apex
Mine road, R. Christian 1009 (ut, utc).

2. Eriodictyon Benth. Yerba-Santa,
Mountain-balm

Fig. 1

Eriodictyon Benth. Bot. Sulph. 35. 1844.

Aromatic, evergreen shrubs from un-
dergroimd rootstocks; leaves dark green,

resinous above and tomentose beneath;

inflorescence with numerous scorpioid

cymes in terminal panicles; corolla white
to purple, deeply lobed, funnelform; se-

pals subequal, deeply divided; stamens in-

chided; style divided to the base; capsules

4-valved, (arlihiginous; seeds 2-6, ridged

longitudinally, flattened.

1. Eriodictyon angustifolium Nutt.
Map 2

Eriodictyon arif^ustijolium Nutt., .lourn. Acad.
Phi'la. II. 1: 181. 1848.

Evergreen, glabrous and glutinous

shrubs, 5-20 dm tall; leaves alternate,
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Fig. 1. Eriodictyon angustifolium Nutt.

linear, 4-8 cm long, 2-5 cm broad, revo-

lute, thick, entire to toothed; inflores-

cence of terminal, branched, scorpioid

cyines; calyx-lobes subequal, linear, 3 mm
long; corolla white, deciduous, narrowly
campanulate, 5-6 mm long; stamens in-

cluded; style divided to base; seeds 6 or

less. Type species: Eriodictyon crassi-

folium Benth.
Southern Nevada and southern Utah,

east to Arizona, April to August. Com-
monly on dry chaparral slopes from 2,000
to 7,000 feet. Type locality: "Sierra of

Upper California."

Washington County: 3.5 miles N Shiv-wits junc-

tion on road to Gunlock, L. Anderson 742
(UTC); 2 miles N Pintura. A. Rhoads s.n.

(uTc); Beaver Dam Mountains 3-5 miles
northeast of Arizona State Line, R. Ferris

11587 (uTc); 2.5 miles W Toquerville. B.

Map. 2. Utah distribution of Eriodictyon an-
gustifolium Nutt.

Maguire 12317 (utc); 7 miles up Pine Val-
ley road off U.S. 89 & 91, A. Collotzi et al.

878 (utc); 14 miles SW St. George, T.
Jensen 801 (utc); Welcome Springs, Beaver
Dam Mountains, D. Nish 8 (utc); St.

George, Field Bio. Class S. 18 (ut); Pintura,

W. Cottam s.n. (ut); Motoqua W. Cottam
5070 (ut); Bellevue, W. Cottam 3984 (ut);
Summit of the Beaver Dam Mountains, D.
Atwood 1429 (bry); Terry's Ranch, Beaver
Dam Mountains, L. Higgins 505 (bry) ;

2.5 miles N Anderson, S. Welsh 2779
(bry).

3. Eucrypta Nutt.
Fig. 2

Eucrypta Nutt. Journ. Acad. Phila. II. 1: 159.

1847.

Plants annual, fragile, glandular; leaves

pinnatifid, the lower petioled, upper auric-

ulate-clasping; corolla white to blue or

yellowish, campanulate; calyx divided at

least half its length, shorter than the co-

rolla; stamens included; style divided

only at the apex; capsules unilocular,

ovoid, enclosed by the enlarged calyx;

seeds dimorphic, brown to black. Type
species: Eucrypta paniculata Nutt.

1. Eucrypta micrantha (Torr.) Heller
Map 3

Eucrypta micrantha (Torr.) Heller. Muhlen-
bergia 2: 163. 1906.
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Map. 3. Utah distribution of Eucrypta micran-
tha (Torr.) Heller.

Fig. 2. Eucrypta micrantha (Torr.) Heller.

Phacelia micrantha Torr., Bot. Me.x. Bound. Surv.
144. 1859.

Phacelia pinetorum Jones, Zoe 4: 279. 1893.

Ellisia micrantha Brand, Pflanzenr. IV. 251: 42.

1913.

Eucrypta micrantha Heller, Muhlenbergia 2: 163.

1906.

Nyctelea pinetorum (Jones) Tidestrom, Contr.
U.S. Nat. Herb. 25: 442. 1925.

Plants annual, 0.5-2.5 dm tall; steins

weak, diffuse; leaves pinnatifid, the lower
leaves petiolate, the upper auriculate
clasping; inflorescence of terminal or
axillary cymes; pedicles filiform; calyx-
lobes oblong to spatulate, 1.5-2 mm long,

stipitate-glandular; corolla campanulate,
purplish, blue or white, the tube yellow,
2-4 mm long and broad; stamens included;
style included, bifid at apex; mature cap-
sule unilocular; seeds 5-15, dimorphic,
brown to black.

Western Texas, west to southern Utah
and southern California, February to May.
Usually as undorstory or in the shade of
rocks below 4,000 feet elevation. Type
locality: El Paso County, Texas, stony
hills, near El Paso.

Washington County: St. George, M. Jones 1609
(UT, UTC); St. George, F. Gould 1469 (bry.

UT, UTc) ; 2 miles W Springdale, A. Cron-
quist s.n. (utc); south of St. George, B. Har-
rison 5668 (bry) ; 3 miles S Toquerville, B.

Stahmann & J. Jacobs 20 (bry); Beaver Dam
Mountains near Utah-Arizona border on Hwy
91, L. Higgins 363 (bry).

4. Hesperochiron S. Wats.

Hesperochiron S. Wats., Bot. King Expl. 281. pi.

30. 1871.

Plants acaulescent perennials from a

thick root; leaves simple, petioled, in a

basal rosette; flowers long petioled, soli-

tary in the leaf axils; corolla white to

blue funnelform to rotate; sepals unequal,
ciliate; stamens included, inserted on the

tube of the corolla; filaments basally di-

lated; style bifid at the apex; capsule uni-

locular; seeds numerous, dark brown,
pitted.

1. Hesperochiron pumilus (Griseb.) Porter
Fig. 3; Map 4

Hesperochiron pumilus (Griseb.) Porter, Hayden
Gool. Rep. 768. 1872.

Villarsia pumila Griseb. in Hook. Fl. Bor. Amer.
2: 70. pi. 157. 1838.

Hesperochiron pumilus Porter, 1. c.

Capnorea pumila (Dougl.) Greene, Ervthea 2:

193. 1894.

Capnorea watsoniana Greene, Pittonia 5: 44.

1902.
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Fig. 3. Hesperochiron pumilus (Griseb.) Porter.

Plants dwarf, acaulescent perennials,

2-12 cm tall, short-villous; leaves in a

basal rosette, petiolate, simple, linear to

oblanceolate, 1.5-5 cm long; peduncles
borne single in the axils of the leaves,

erect; sepals linear to oblong, usually un-

equal, 3-8 mm long; corolla rotate white
to light blue, 0.5-1.6 cm long, densely

hairy wdthin; stamens included, inserted

unequally on the corolla-tube, filaments

dilated below; style included, 2-cleft at

apex; mature capsule unilocular; seeds

numerous, dark brown, alveolate. Type
species: Ourisia California Benth.

Idaho and Washington, south to north-

em Arizona and California, April to July.

Springs, wet meadows, and moist stream
banks from 5,100 to 8,000 feet. Type lo-

cality: "Vallies of the Rocky Mountains,
between Kettle Falls and Spokane."

Cache County: White Pine Lake, B. Maguire et

al. 14019 (uTc); Tony Grove Lake. S. Til-

let & D. Crockett 237 (utc); Beaver Fork
Logan Canyon. B. Maguire 16699 (utc).
Millard County: Snake Valley. Mound
Spring. B. Harrison 6349 (bry). Summit
County: Kimball Creek near Sniderville, J.

Stevenson s.n. (ut); Mt. Timpanogos, 1 mile
W Alpine Loop, W. Cottam 12742 (ut).
Washington County: Upper Kolob, D. Beck,
40 (bry). Wasatch County: 3 miles N North
Canyon, Idaho. W. Cottam s.n. (ut). Weber
County: north of Eden, W. Cottam s.n.

(ut); Ogden Canyon, W. Cottam 7219
i(ut); west of Eden. Milner 9444 (ut);

Map 4. Utah distribution of Hesperochiron
pumilus (Griseb.) Porter.

along Bennett Creek
Atwood. 28 (utc).

near Huntsville, D.

5. Hydrophyllum L. Water-leaf

Hydrophyllum L. Sp. PI. 146. 1753.

Plants perennial, 1-6 dm tall; stems
erect, succulent, from horizontal rhizomes,
these bearing fleshy fibrous or tuberous
roots; leaves pinnately compound, mostly
basal, oblong, ovate or oval in outline,

3-20 cm long; petioles slightly dilated

and clasping at the base, ciliate; inflores-

cence composed of 1 -several globose or

lax cymes, short pubescent or strigose

and hispid; calyx divided nearly to the

base, linear, oblong or lanceolate, 3-6 cm
long, 0.5-2 mm wide; corolla campanulate
purplish to blue, white or violet, 5-10 mm
long; stamens 5, exserted 4-6 mm; style

1, exserted 5-10 mm, cleft 1-2 mm; stig-

mas capitate; ovules attached to the front

of the two large pariental placentae; seeds

1-3, brown, subglobose, reticulate. Type
species: Hydrophyllum virginianum L.

la. Flowers in dense capitate clusters, peduncles shorter than the petioles of

the subtending leaves; anthers short-oblong. 0.6-1 mm long 3

lb. Flowers in open clusters, peduncles longer than the petioles of the sub-

tending leaves; anthers linear to oblong, 1-2 mm long 2
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2a. Leaflets acuminate, with 8-12 acuminate teeth; cymes lax in fruit

2. H. fendleri

2b. Leaflets obtuse to abruptly acute, with 3-6 obtuse to acute teeth, cymes
compact in fruit 3. H. occidentalis

3a. Cymes lax (at least in fruit); pedicles 7-19 mm long, reflexed in fruit;

plants low (2.5 dm tall or less) and more or less acaulescent

la. H. capitatum var. alpinum

3b. Cymes capitate even in fruit; pedicles 2-5 mm long, not reflexed; plants

usually taller (1-5 dm high) and caulescent

lb. H. capitatum var. capitatum

1. Hydrophyllum capitatum. Dougl.
ex Benth.

Hrdrophyllum capitatum Dougl. ex Benth..

Trans. Linn. Soc. 17: 272. 1836.

Plants 1-5 dm high, from short rhi-

zomes, these bearing a fascicle of fleshy

fingerlike roots; stems short; leaves pin-

nately compound, ovate to oval in outline,

strigose, the blade 2.5-10 cm long, 2-13

cm wide, the primary divisions 5-7 obo-

vate to oblong or lanceolate, lobes and di-

visions acute, obtuse or mucronate; in-

florescence of 1 -several globose cymes,
the peduncles 1-5 cm long, shorter than
the subtending leaves, mostly recurved in

fruit; pedicels 2-5 mm long; sepals obtuse
or abruptly acute, 3-4 mm long, 1.5 mm
or less broad, ciliate and strigose; corolla

5-9 mm long, purplish, blue or white; sta-

mens exserted 5 mm; style exserted 5-10

mm; seeds normally 2, light brown, 2-3

mm in diameter.

Alberta to British Columbia, south to

Oregon, Utah, and Colorado. Mostly pres-

ent as understory from 5,000 to 9,500 feet

elevation. April to June. Type locality:

"In the interior of Columbia in Northwest
America."

la. Hydrophyllum capitatum Dougl.
ex Benth. var. alpinum S. Wats.

Fig. 4; Map 5

Hydrophyllum capitatum Dougl. ex Benth. var.

alpinum S. Wats., Bot. King Exped. 249. 1871.

Hydrophyllum alpestre Nels. & Kennedy, Muhlen-
bergia 3: 142. 1908.

Hydrophyllum alpinum Greene ex Brand, Pflan-
zenr. IV. 251: \^. 1913. nomen in synon.

Plants low, 2.5 dm tall or less and
essentially acaulescent; inflorescence

from near the surface of the ground, lax

at least in fruit, pedicels 7-19 cm long,

reflexed in fruit.

Central Oregon and southwestern Idaho
to western Utah, northern Nevada and
northeastern California, 2,500 to 10,000
feet elevation. Meadow, stream sides, and
moist mountain slopes. May to July.
Box Elder County: George Creek Canyon, Raft

River Mountains, Preece, Jr. 584 (ut) ;

Clear Creek Canyon, Raft River Mountains,
S. Preece, Jr. 930 (ut). Juab County: head-
waters of Indian Farm Creek. Deep Creek
Range, A. Holmgren & B. Maguire 21994
(uTc); Queen Sheba Mine. Deep Creek
Mountains, W. Cottam 7137 (ut). Salt Lake
County: City Creek Canyon, R. Solander s.n.

(ut). Tooele County: Deep Creek Mountains,
W. Cottam 7137 (ut).

P'ig. 4 Hydrophyllum capitatum Dougl.
Benth. var. alpinum S. Wats.
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Map 5. Utah distribution of Hydrophyllum
capita/urn Dougl. ex Benth. var. alpinuin S. Wats.

lb. Hydrophyllum capitatum Dougl.
ex Benth. var. capitatum

Fig. 5; Map 6

Hydrophyllum capitatum Dougl. ex Benth. var.

capitatum, 1. c.

Hydrophyllum densiflorum Nutt. ex Hook., Kew
Journ. Bot. 3: 292. 1851, nomen in synon.

Hydrophyllum pumilum Geyer ex Hook.. Kew
Journ. Bot. 3: 292. 1851, nomen in synon.

Hydrophyllum capitatum Dougl. ex Benth. var.

pumilum Hook., Kew Journ. Bot. 3: 292. 1851.

Hydrophyllum capitatum Dougl. ex Benth. var.

pumilum Hook, subvar. densum Brand. Pflan-

zenr. IV. 251: 33. Fig. 5. 1913.

Hydrophyllum capitatum Dougl. ex Benth. vai'.

alpinum S. Wats, subvar. laium Brand,
Pflanzenr. IV. 251: 33. 1913.

Plants 1-4.3 dm tall; stems usually

acaulescent; cymes capitate even in fruit,

the pedicels 2-5 mm long; peduncles 1-5

cm long, shorter than the subtending

leaves.

Southern Alberta and British Columbia,
south to Oregon, Utah and Colorado.

Box Elder County: Box Elder Canyon. 3 miles

from Brigham City, R. Stevens, 175, (bry);

3 miles W Mantua. R. Stevens 166 (bry):

Gold Water Canyon, Wellsville Mountains.

M. Burke 3089 (utc). Cache County: 3

miles up Logan Canyon. B. & R. Maguire
3682 (utc); II miles up Smithfield Can-
yon, B. Maguire 13758 (utc); 3 miles

above the mouth of Green Canyon, Logan,

Fig. 5. Hydrophyllum capitatum Dougl. ex

Benth. var. capitatum.

A. Cronquist 1937 (utc); Tony Grove Lake,

S. Tillett & D. Crockett 225 (utc). Davis

County: Mueller Park, Brizzee s.n. (ut);

Farmington Canyon, S. Clark 515 (utc);

foothills between Barton & Mill Creek,

Bountiful. B. & R. Anderson 62 (utc).

Emery County: Huntington Canyon, W. Cot-

tam 7468 (ut). Salt Lake County: City

Creek Canyon. C. Woodburj^ s.n. (ut); Cot-

tonwood Canyon, R. Eastmond 185 (bry);

Emigration Canyon, Baker 1111 (ut); Big

Butte Canyon, Swanson 16 (ut). Sanpete

County: Great Basin Exp. Station, A. Holm-
gren & R. Shaw 7644 (utc); New Canyon
Lake. R. Stevens 22 (bry). Summit County:

above Holliday Park. Vickery, Jr. 640 (ut);

Peoa, S. Welsh 519 (bry); Upper Provo
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Map 6. Utah distribution of Hydrophyllum
capitatum Dougl. ex Benth. var. capitatum.

River, 3 miles S Trial Lake. B. Harrison
11013 (bry); east of Kamas, W. Stubbs 72
(bry). Utah County: Deer Creek Canyon.
B. Harrison 8310 (bry); north of Lehi, H.
Chapman 7 (bry); east of Springville, B.
Harrison 51H (bry); Hobble Creek Canyon,
P. Replogle 79 (bry); Aspen Grove, K. Shaw
105 (bry); 3 miles N Wildwood on highway
80. W. Buss 117 (bry). Wasatch County:
Strawberry Valley, V. Matthews 40 (bry);
Mud Creek, Laycock & Conrad, MC74
(bry). Weber County: Ben Lomond Trail,
W. Call 26 (ut); south of Weber State Col-
lege Union Building, A. Collotzi 154 (utc);
near Liberty Divide, R. Bragonji 7 (bry).

2. Hydrophyllum fendleri (Gray) Heller
Fig. 6; Map 7

Hydrophyllum fendleri (Gray) Heller, PI. World
1: 23. 1897.

Hydrophyllum occidentale (S. Wats.) Gray var.
fendleri Gray, Proc. Amer. Acad. 10: 314
1875.

Hydrophyllum fendleri Heller, 1. c.

Hydrophyllum albiforns Heller var. fendleri
Brand, Pflanzenr. IV. 251: 34. 1913.

Plants perennial, 2-9 dm tall from
short rhizomes, these bearing fleshy-
fibrous roots; stems erect, retrorse-hispid;
leaves pinnately compound, ovate or oval
in outline, strigose, the blade 6-30 cm
long, with 9-13 primary divisions, these
ovate to lanceolate, acuminate, coarsely

serrate or incised; inflorescence of 1 -sev-

eral lax cymes, peduncles 3-17 cm long,

often branched, mostly longer than the
subtending leaves (at least in fruit);

pedicels 2-7 mm long; sepals linear to

lanceolate (in fruit), 4-6 mm long, 1-2

mm broad, ciliate and strigose, often his-

pid dorsally, corolla 6-10 mm long, white
to violet; stamens exserted 4-6 mm; style

exserted 5-7 mm; seeds 1-3, light brown,
2.5-3 mm in diameter.

Wyoming to Washington, south to New
Mexico and Utah, 5,500 to 10,500 feet.

Restricted and rare; possibly threatened.

Along streams and other moist areas in

the mountains, often in thickets and
spruce-fir-populus conununities. June to

August. Type locality: Santa Fe Creek,
New Mexico.

Fig. 6. Hydrophyllum fendleri (Gray) Heller.
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San Juan County: North Creek, Abajo Mountains,

8 miles W Monticello. A. Cronquist & N.

Holmgren 9407 (utc); Dream Mine, B.

Map 7. Utah distribution of Hydrophyllum
fendleri (Gray) Heller.

Maguire et al. 2043 (utc); west side of

South Mountain, B. Maguire & Reed 2042
(utc); Blue Mountains, W. Cottam 12194
(utc); Indian Creek Ranger Station, W.
Cottam 9664 (ut).

3. Hydrophyllum occidentale

(S. Wats.) Gray
Fig. 7; Map 8

Hydrophyllum occidentale (S. Wats.) Gray. Proc.

Amer. Acad. 10: 314. 1875.

Hydrophyllum macrophyllum var. occidentale S.

Wats., Bot. King Expl. 248. 1871.

Hydrophyllum occidentale A. Gray, Proc. Amer.
Acad. 10: 314. 1875.

Hydrophyllum watsonii Rydberg, Bull. Torr. Bot.

Club 40: 478. 1913.

Plants perennial, 1-6 dm tall, rhizome
bearing fleshy-fibrous roots; stems erect,

short pubescent to more or less retrorse-

Map 8. Utah distribution of Hydrophyllum Fig. 7. Hydrophyllum occidentale (S. Wats.)
occidentale (S. Wats.) Gray. Gray.
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Fig. 8. Noma demissum Gray.

hispid; leaves pinnately compound, ob-

long in outline, strigose, the blade 5-28

cm long, with 7-15 primary divisions,

these broadly oblong to ovate, obtuse, in-

cised or lobed; inflorescence with one to

several globose cymes, peduncles 5-27 cm
long, usually exceeding the subtending
leaves; pedicels 2-5 mm long; sepals nar-
rowly lanceolate, 3.5-5 mm long, 1-2 mm
wide, strigulose dorsally to hispid ciliate

on the margins; corolla 7-10 mm long,

white to violet; stamens exserted 4-6 mm;
style exserted 5-8 mm; seeds 1-2, brown,
2.5-3.1 mm in diameter.
Western Oregon, south to central Cali-

fornia, east to Utah and Arizona, 5,000 to

10,000 feet elevation. Moist shaded areas
in the mountains, often in mountain
brush thickets and spruce-fir-populus
communities, late K])v'\\ to mid-July. Type
locality: California.

Beaver Ojunty: 10 miles N Beaver, B. Harrison
279 (bry). Iron County: Cedar Canyon,
South Pork, W. Cottam 3980 (bry). Juab

County: Mt. Nebo, R. Gierisch s.n. (bry,
UTc). Millard County: Oak City Canyon,
W. Cottam 9611 (ut)- ca 20 miles W Salina,
F. Coles 43 (bry). Salt Lake County: Emi-
gration Canyon, C. Smith 1849 (utc); T.
IN., R. IE., sec. 34, L. Arnow 1197 (bry.
ut); near Mill Creek, A. Standing 145
(ut); east of Fort Douglas. R. Vickery. Jr.

566 (ut); City Creek Canyon. A. Garrett
1782 (ut); Dry Fork Canyon, P. Fams-
worth s.n. (ut). Sanpete County: Maple
Canyon, E. Johnson 5788 (bry); 10 miles
W Moroni. B. Maguire 18655 (bry, utc);
14 miles NW Fayette, T. Jensen 261 (utc);
ca 4 miles W Freedom, R. Tiffany s.n.

(bry). Sevier County: Willow Creek. D. Jef-

fery s.n. (utc); Summit Fish Lake National
Forest, east of Cove Fort, D. Atwood 1514
(bry). Tooele County, ca 12 miles SE Tooele,
L. Higgins 3344 (bry); 5 miles S Vernon, R.

Parker 143 (bry); Stansbury Range, South
Willow Creek, B. Maguire 21811 (bry);
south of Benmore headquarters, Intermoun-
tain Forest and Range Experiment Station

N. Frischknecht 24 (utc). Utah County;
Hobble Creek. Condon s.n. (ut) ; 3 miles
NW Alpine, G. Davidse et al. 336 (utc);
10 miles E Springville. L. Pack 9 (bry);
Jordan Narrows, no author s.n. (bry); Pay-
son Canyon, D. Braithwaite 18 (bry). Wa-
satch County: Cascade Springs, S. Sanderson
.\28 (bry). Washington County: Beaver Dam
Mountains, D. Atwood 1447 (bry); near re-

lay tower, Beaver Dam Mountains, L. Hig-
gins 660 (bry).

6. Noma L.

Nama L. Syst. Nat. ed. 10. 2: 950. 1759.

Plants low, branching annuals, 0.5-3

dm tall; leaves alternate entire, hirsutu-

lous to hispid, retrorse to erect; inflores-

cence of terminal, nonscorpioid cymes;
sepals subequal, linear to lanceolate; co-

rolla purple or lavender, deciduous, tubu-

lar to funnelform; stamens included, borne
iniequally on the corolla tube; style in-

cluded, divided to the base or 2-lobed at

the apex; mature capsule falsely bilocular

by intrusion of the placentae; ovules

numerous; seeds numerous, brown, mostly
reticulate. Type sj)ecies: Nama jamaicense
L.

la. Style shallowly 2-lobed at the apex; corolla tubular, 3-5 mm long; Uintah.
Grand, Wayne, and Garfield counties

2. A^. densum Lemmon var. parriflorum (Greenm.) Hitchc.

lb. Style divided to the base; corolla mostly 8-15 mm long or if less then the
shorter stem hairs retrorse (corolla 4-7 mm long in A^. rctrorsum) 2

2a. Leaves mostly in clusters at the ends of the branches and in a ba.sal rosette;

herbage hirsntulous or pilo.se; Washington, Millard and Tooele counties

1 . A', demissum Gray
2b. Leaves well distributed along the stem; herbage hirsute or hispid 3
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3a. Stems erect, fastigiate; shorter stem hairs retrorse; corolla 4-7 mm long;

Kane, Garfield, and Grand counties 4. TV. retrorsum J. T. Howell

3b. Stems more or less spreading; stem hairs ascending; corolla 7-15 mm
long 3. A^. hispidum Gray

1. Nama demissum Gray
Fig. 8; Map 9

Nama demissum Gray. Proc. Amer. Acad. 8: 283.

1870.

Conantlius demissus (Gray) Heller. Cat. N. Amer.
pi. 6. 1898.

Nama demissum. Gray var. deserti Brand, Pflan-

zenr. IV. 251: 159. 1913.

Diffusely branched annuals, 0.2-1.4 dm
tall, hirsute; leaves entire, 1-3.2 cm long,

1-5 mm wide; flowers solitary to several,

subsessile; sepals Hnear to lanceolate, 5-8

mm long; corolla broadly funnelform,
8-16 mm long, 6-11 mm wide; style di-

vided to base, 3-5 mm long; seeds mostly
10-15, 0.5 mm long, dark brown, pitted

and reticulate. Type locality: Nevada.
California, north to Nevada and south-

western Utah. Sandy to gravelly hillsides

and draws in the Lower and Upper Sono-

ran Zone, 2,500 to 5,300 feet elevation.

March to June.

Millard County: Tabernacle Crater, C. McMillan
1433 (ut); cinder cones, W. Cottam 8005a
(ut). Washington County: St. George, M.

UTAH
County Lines and
river drainages

Jones s.n. (ut); Beaver Dam Wash, K. Kel-
son s.n. (ut); west of St. George Airport,
W. Cottam 8436 (ut); Diamond Valley, W.
Cottam 4072 (bry); ca 1 mile below Terry's
Ranch, L. Shumway 28 (bry); Shem, W.
Cottam 5057 (ut); west slope of Beaver
Dam Mountain, D. Nish s.n. (utc); Dixie
State Park, L. Higgins 940 (bry).

2. Nama densum Lemmon
Fig. 9; Map 10

Nama densum Lemmon, Bull. Torr. Bot. Club
16: 222. 1889.

Nama demissa S. Wats., Bot. King Expl. 259.

1871, in part.

Conanthus parviflorus Greenman, Erytliea 7: 117.

1899.

Dichotomously branched annuals, the

branches prostrate, hirsute; leaves 0.4-1.9

cm long, 1-5 mm wide, entire; flowers ses-

sile and solitary in the upper leaf axils;

calyx-lobes linear, 4-5 mm long, 1-3 mm
wide; style 0.5-1.5 mm long, 2-lobed at

the apex; seeds ca 15, dark brown, 0.5-(J.8

mm long, pitted and reticulate. Type lo-

cality: California: near Edgewood.
Great Basin, from southern Idaho and

central Washington, south to California

and Utah. Commonly in loose gravelly to

sandy soils of Artemisia, Juniperus. and
Vanclevea communities. May to June.

Grand County: 16 miles NW Moab, Courthouse

Wash, A. Cronquist 9075 (utc). Uintah

Map 9. Utah distribution of Nama demissum
Gray. Fig. 9. Nama densum Lemmon.
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Map. 10. Utah distribution of Noma densum
Lemmon.

County: 13.5 miles S Ouray, N. Holmgren
6 J. Reveal 1914 (bry, utc). Wayne County:
7 miles from Hite along the Crescent Creek
drainage, A. H. Holmgren et al. 7783
(utc).

3. Noma hispidurn A. Gray
Map 11

Noma hispidurn A. Gray, Proc. Amer. Acad. 5:

339. 1861.

Marilaunidium tenue Small, Bull. Torr. Bot. Club
25: 142. 1898.

Leafy, branched annuals, 1-3 dm tall;

stems more or less spreading, hispid; leaves
1-7 cm long, 2-5 mm wide, entire, revo-

lute; flowers solitary to several in termi-
nal cymes; sepals linear to lanceolate,

5-8 mm long; corolla purple, broadly
funnelform, 8-14 mm long, 7-8 mm wide;
style 2-5 mm long, cleft to the base; seeds

numerous, 0.5 mm long, yellowish brown,
reticulate. Type locality: Texas.

Ix>wer and Upper Sonoran Zones, from
southeastern California, east to southern

Map 1 1 . Utah distribution of Nama hispidurn

A. Gray.

Colorado, south to Texas and northern
Mexico. Sandy and gravelly hills and
flats from 1,600 to 4,000 feet elevation.

April to July.

Kane County: north of Wahweap Marina, S.

Welsh & D. Atwood 9770 (bry); southwest

base of Romana Mesa, Lake Powell, D. At-

wood 3287 (bry).

4. Nama retrorsum J. T. Howell
Map 12

Nama retrorsurn .1. T. Howell, Leafl. West. Bot.

5: 149. 1949.

Leafy, branched annuals, 1-3 dm tall;

stems erect, fastigiate, hirsute, the shorter

stem hairs retrorse; leaves 1.5-5 cm long,

2-5 mm wide, entire; flowers sessile and
solitary in the upper leaf axils; sepals

linear, 5 mm long, hirsute; corolla pur-

ple, funnelform, 4-7 mm long; seeds 0.6-

().8 mm long. Type locality: C^oconino

County, Arizona: Klethla Valley.

Northeastern Arizona and southeastern

Utah deep sands from 5,000 to 7,000 feet.
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Restricted and local; possibly threatened.

May to July.

Garfield County: ca 25 miles S Hanksville and
1 mile N Bullfrog junction, S. Welsh, D.

Atwood & L. Higgins 8963 (bry, ut).

Grand County: Landscape Arch, Arches
National Monument, S. Welsh & G. Moore
2026 (bry). Kane County: ca 5 miles S Glen
Canyon City on Cedar Mountain. D. Atwood
3109 (bry).

7. Ncrnophila Nutt. ex Barton

Nemophila Nutt. ex Barton. ¥\. N. Amer. 2: 71.

1822; Journ. Acad. Phila. 2: 179. 1822.

Nomen. conservandum.

Delicate annuals, 0.5-3 dm tall; stems

sharply angled (obscurely so in A^. parvi-

flora), glabrous, except for small, reflexed

prickles; leaves alternate or opposite, 0.7-

2.9 cm long, 1.5-4 cm wide, pinnately

divided, sparsely hispid; flowers solitary^

in the upper leaf axils, pedicellate; calyx

divided nearly to the base, the lobes linear

to lanceolate, 3 mm long, 1-2 mm wide,

with reflexed auricles; corolla narrowly
campanulate, purplish or white, 1.5-2.9

mm wide; stamens included, equally in-

serted on the corolla; style 0.5-1 mm long;

seeds usually 1-4, globose, 2-3 mm long,

brick-red, pitted. Type species: Nemophila
phacelioides Nutt.

Map 12. Utah distribution of Nama retrorsum

J. T. Howell.

la. Leaves all alternate; seeds usually 1; calyx 3 mm long; style cleft only

at the apex; capsule shorter than the strongly accrescent calyx; Box
Elder and Cache counties, south to Sanpete and Juab counties

1. A^. breviflora Gray

lb. Leaves all opposite; seeds mostly 2-4; calyx 1-3 mm long; style cleft ca i/^

its length; capsule exceeding the calyx; presently known only from We-
ber County .... 2. A^. parviflora Dougl. ex Benth. var. austinae (Eastw.) Brand

1. Nemophila breviflora A. Gray
Fig. 10; Map 13

Nemophila breviflora A. Gray, Proc. Amer. Acad.
10: 315. 1875.

Viticella breviflora Macbride, Contr. Gray Herb.

59: 32. 1919.

Nemophila petrophila L. Williams, Ann. Mo. Bot.

Gard. 23: 453. 1936.

Stems weak, 0.5-2 dm long, sharply

angled; leaves alternate, pinnately di-

vided, 0.7-3 cm long, 1.5-3.9 cm broad,

sparsely hispid; sepals broadly campanu-
late, linear to lanceolate, 3 mm long, 1-2

mm broad; corolla narrowly campanulate,
white or purplish, 1.5-2.9 mm broad,

shorter than the calyx; style 0.5-1 mm
long, cleft at the apex; mature capsule

exceeded by the accrescent calyx, seed

usually 1, globose, 2-4 mm in diameter.

deeply pitted in rows; cucullus reduced,

persistent. Type locality: Utah: Parley's

Park.

Great Basin, California, east to Colorado,

north to Montana and southern British

Columbia. Commonly associated as under-

story of aspen and maples in moist, rich

soil.

Box Elder County: George Creek Canyon. Raft

River Mountains. S. Preece, Jr. 954 (ut).

Cache County: West Hodges Pastures,

Logan Canyon, H. Passey s.n. (utc); Wells-

ville Canyon, C. Smith 2108 (utc); Pine

Canyon, B. Maguire 13757 (utc); Blacksmith

Fork Canyon. N. Holmgren 175 (utc). Juab

County: McCune Creek. Mt. Nebo, R. Gie-

risch s.n. (utc). Salt Lake County: T. IN.,

R2E, section 18, L. Amow 1382 (bry, ut) ;

City Creek Canyon, S. Flowers s.n. (ut);

Emigration Canyon, A. Garrett 2759 (ut) ;

Wasatch Mountains, A. Garrett 2116 (ut).
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UTAH

ICM

Fig. 10. Nemophila breviflora A. Gray.

Utah County: Mt. Timpanogos, W. Cottam
1276 (bry); right fork Hobble Creek Can-
yon, Springville, V. Livingston 7113 (bry);
Rock Creek, Provo, A. Garrett 3934 (ut);
Pole Canyon R. Eastmond 57 (hry); between
American Fork (>anvon and Snake Creek, S.

Welsh, .1. Murdock & D. Stocks 6343 (bry).

Wasatch County: Strawberry Valley. Mud
Creek, V. Matthews 39 (bry); Cascade
Spring, S. Sanderson x5 (bry). Weber
County: northwest of Eden, A. Garrett & M.
Milner 9385 (ut).

Map 13. Utah distribution of Nemophila brevi-

flora A. Gray.

2. Nemophila parviflora Dougl. ex Benth.

var. austinai (Eastw.) Brand
Map 14

Nemophila parviflora Dougl. ex Benth. var.

austinae (Eastw.) Brand, Pflanzenr. IV. 251:

55. 1913.

Nemophila inconspicua Henderson, Bull. Torr.

Bot. Club 27: 349. 1900.

Nemophila austinae Eastwood, Bull. Torr. Bot.

Club 28: 143. 1901.

Nemophila explicata Nelson & Macbride. Bot.

Gaz. 55: 377. 1913.

Nemophila parviflora Dougl. ex Benth. var.

typica Brand subvar. inconspicua Brand, op.

cit. p. 55.

Viticella parviflora Dougl. ex Benth. var. austinae

Macbride, Contr. Gray Herb. 59: 32. 1919.

Stems obscurely angled, 0.5-3 dm long;

leaves all opposite, 1-1.5 cm long, 2-2.4

cm broad, sparsely hispid; sepals lanceo-

late, auricles 0.2-0.4 mm long; corolla cam-
panulate, white or bluish, 1.5-3 nmi broad,

barely exceeding the calyx; style 0.(i-0.8

nun long, cleft ca V2 its length; mature
capsule exceeding the calyx; seeds mostly

2-4, ovoid, 2-2.5 nun long, shallowly

[)itted; cucullus deciduous. Type locality:

"On David Creek, under trees, California."

Great Basin, (California, nortli to south-

eastern Washington, Idaho, and Utah.

Commonly present as understory in co-

niferous woodlands. Presently known only
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Map 14. Utah distribution of Nemophila parvi-

flora Dougl. ex Benth. var. austinae (Eastw.)

Brand.

from Weber County, Utah. Restricted and
local; possibly threatened. Weber County:
summit of Little Bear River Canyon, B.

Maguire 16371 (utc).

8. Phacelia Juss. Scorpion Weed
Phacdia Juss., Gen. 129. 1789.

Plants herbaceous, annual, biennial or

perennials, mostly ])ubescent and glandu-

lar; leaves mostly alternate, the lower
sometimes opposite, entire to pinnately

compound; flowers few to numerous in

variously disposed scorpioid cymes, lax

racemes; calyx divided nearly to the base;

corolla tubular to broadly campanulate,
blue, j)urplish, violet or white, mostly de-

ciduous, a few species with a tardily de-

ciduous corolla; stamens included or ex-

serted, equally inserted at the base of the

corolla-tube, with a pair of scales attached

to the base of the corolla and filaments;

style included or exserted, bifid, mostly
pubescent; capsule unilocular, nearly bi-

iocular by intrusion of the placentae; seeds

1 to numerous, variously roughened, boat-

shaped, terete, angled or flattened. Type
species: Hydrophyllum mageUanicum
Lam.

la. Corolla yellow, withering-persistent and enclosing the mature capsule 2
lb. Corolla blue, lavender, violet or white (tube sometimes yellow), de-

ciduous 3

2a. Style and branches 1-2 mm long; ovules 10-15; Tooele County and prob-

ably other counties in western Utah 32. P. scopulina A. Nels.

2b. Style and branches 1 mm long; ovules 7-9; Tooele County and prob-

ably elsewhere in Utah 30. P. salina (A. Nels.) J. T. Howell

3a. Seeds transversely corrugated, numerous -. 4

3b. Seeds not transversely corrugated or if so then the ventral surface of

the seeds excavated on at least one side of a prominent ridge and with

2 ovules to each placenta 6

4a. Corolla 7-17 mm long, over twice the length of the calyx; Washington
County 14. P. fremontii Torr. in Ives

4b. Corolla 2-4.5 mm long, shorter than to nearly equaling the calyx 5

5a. Stems with black capitate glandular heads, at least on the upper part of

the stem; calyx-lobes spatulate; disjunct distribution in Tooele,

Beaver, Washington, Kane, San Juan, and Grand counties; rare

1. P. affinis Gray
5b. Stems without black capitate glands, calyx-lobes linear to oblanceolate;

scattered throughout most of Utah, except the northwest portion

21. P. ivesiana Torr. in Ives

6a. Seeds terete or angled and mostly foveolate or reticulate, but not ex-

cavated ventrally 21

6b. Seeds excavated on the ventral surface on one side or more often both

sides of a prominent ridge (Crenulatae group) 7
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7a. Stamens and style included or nearly so 8

7b. Stamens and style exserted 2 mm or more 9

8a. Plants brittle, breaking easily; corolla 3-4 mm long, pale mauve to light

blue; mature seeds dark brown; to be expected in southwestern Utah
8. P. coerulea Greene

8b. Plants not brittle; corolla 6 mm long; lavender or white; seeds brown;
Washington County .- 4. P. anelsonii Macbride

9a. Corolla small, 4 mm long or less, white, blue or lavender, the lobes erose;

Sevier County, south to Wayne, Garfield and Washington counties

2. P. alba Rydberg

9b. Corolla over 4 mm long, white or variously colored 10

10a. Corolla tubular, pale colored 11

10b. Corolla campanulate, purple, lavender or white (appearing tubular in

some pressed specimens) 13

11a. Seeds 3.5-4 mm long; cauline leaves sessile (or nearly so), auriculate;

Emery, Wayne and Washington counties 28. P. rafaelensis Atwood

lib. Seeds less than 3 mm long, black 12

12a. Inflorescence thyrsoid; stems solitary or if branched then near the base;

Washington and Iron counties 24. P. palmeri Torr. ex Wats.

12b. Inflorescence open; stems branched throughout, especially at the base,

Kane and San Juan counties 9. P. constancei Atwood

13a. Leaves pinnately compound, finely dissected, mature seeds 2.4 mm long,

excavated only on one side of the prominent ventral ridge; Utah
County 5. P. argillacea Atwood

13b. Leaves simple or if compound not finely so, the divisions broad (over

5 mm wide) 14

14a. Corolla distinctly bicolored, the tube white or yellow, the lobes blue 15

14b. Corolla not distinctly bicolored, blue, purple or white 17

15a. Cauline leaves sessile, auriculate; plants robust, 0.8-5.8 dm tall, endemic
to Sanpete and Sevier counties 35. P. utahensis Voss

15b. Cauline leaves distinctly petiolate; plants not especially robust, less than
2.7 dm tall 16

16a. Stems branched at base; leaves simple, strigose and glandular; corolla-

tube white; seeds corrugated on the margins and ridge, dorsal surface
smooth; Grand and San .Juan counties 17. P. Iiowelliana Atwood

16b. Stems simple or branched above; leaves essentially glabrous; corolla-

tube yellowish; seeds mostly lacking corrugations, dorsal surface deep-
ly pitted; to be expected in Uintah and Grand counties

34. P. splendens Eastwood

17a. Corolla lavender; seeds lacking ventral corrugations; Kane and San
Juan counties 20. P. integrifolia Torr.

17b. Corolla blue or purple; seeds corrugated ventrally 18

18a. Mature seeds corrugated only on the ridge; pul)escence of the stems
densely hispid, glandular above; Washington County

3. P. ambigua Jones

18b. Seeds with the margins and ridge corrugated; pubescence of the stems
mostly glandular, sometimes finely so 19

19a. Mature seeds dark brown; glandular pubescence long stipitate; western
Utah 11. P. crenulata Torr. ex S. Wats.
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19b. Mature seeds light brown or reddish; glandular pubescence short stipi-

tate 20

20a. Anthers yellow; corolla deep blue, broadly campanulate; stems mostly

branched throughout; seeds light brown; western Utah, east through

central Utah to Colorado; northeastern and southern Utah except

Washington County 10. P. corrugata A. Nels.

20b. Anthers the same color as the filaments; corolla light blue, the lobes not

widely spreading; stems solitary or if branched then at the base; seeds

reddish brown; endemic to the Tropic Shale, Dakota Sandstone and
Kaiparowits formations in Kane and Garfield counties

23. P. mammilarensis Atwood

21a. Leaves pinnately compound, the divisions variously toothed 22

21b. Leaves entire to shallowly lobed or pinnate, the divisions entire 23

22a. Plants biennial or perennial; stems stout; seeds 8-18; corolla pelviform,

marcescent; throughout most of the high mountain ranges

33. P. sericea (Graham) Gray

22b. Plants annual; stems weak, reclining; seeds usually 4; corolla broadly

campanulate, deciduous; Washington County 36. P. vallis-mortae Voss

23a. Corolla campanulate to rotate or pelviform 24

23b. Corolla tubular or tubular-campanulate 28

24a. Plants biennial or perennial 25

24b. Plants annual 26

25a. Plants perennial; basal leaves mostly entire (sometimes with 1-2 lateral

lobes; corolla white to lavender 15. P. hastata Dougl. ex Lehm. ssp. hastata

25b. Plants biennial or weakly perennial; basal leaves pinnately dissected

with 1-4 lobe pairs; corolla white to yellow white
16. P. heterophylla Pursh ssp. heterophylla

26a. Filaments glabrous; seeds 2-4; sepals more or less glandular; capsule

3-3.5 mm long 6. P. austromontana J. T. Howell

26b. Filaments long hairy; seeds 6 or more; calyx-lobes not glandular; cap-

sule 4-7 mm long 27

27a. Style and branches 2-3 mm long; stems 0.3-1.5 dm tall; corolla 4-6 mm
long, campanulate; leaves mostly entire .... 12. P. curvipes Torr. in S. Wats.

27b. Style and branches 4.5-8 mm long; stems 1-5 dm tall, corolla 6-9 mm
long, open-campanulate; leaves entire or with 1-4 lobes

22. P. linearis (Pursh) Holz.

28a. Ovules 8-16 per ovary 29
28b. Ovules 20 or more per ovary 31

29a. Leaves oblong to elliptic; style including branches 1.5 mm long; fila-

ments glabrous; flowers in dense sessile clusters; Kane and Washing-
ton counties 7. P. cephalotes Gray

29b. Leaves broadly ovate to orbicular; style including branches 1.5-4 mm
long; filaments sparsely hairy; flowers in racemes, these 1-4 cm long;

Kane County, north to Carbon and Uintah counties 30

30a. Stems glandular-puberulent; style 1.5-2 mm long
13a. P. demissa Gray var. demissa

30b. Stems glandular-villous; style 2.5-4 mm long
13b. P. demissa Gray var. heterotricha J. T. Howell

31a. Corolla 8-14 mm long; style including branches 3.5-5 mm long; Gar-
field, Kane and Washington counties 27. P. pulchella Gray
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31b. Corolla 8 mm long or less (mostly less); style and branches 3 mm long

or less 32

32a. Stem pubescence finely glandular-puberulent 33

32b. Stem pubescence glandular-villous or glandular-hirsutulous or if glandu-

lar-puberulent then the leaves dentate to crenate 34

33a. Filaments glabrous; style and branches 2.5-3 mm long; corolla 3-4.5 mm
long; San Juan and Wajy^ne counties 19. P. indecora J. T. Howell

33b. Filaments sparsely hairy below; style and branches 1.5-2 mm long; corolla

5-6 mm long; to be expected in western Utah 25. P. parishii Gray

34a. Leaves coarsely toothed; seeds 60-100, 0.5 mm long
29. P. rotundijolia Torr. ex S. Wats.

34b. Leaves entire to repand, crenate or dentate; seeds 60 or less (if 60 then

less than 0.5 cm long) 35

35a. Leaves dentate to crenate; style and branches 2-3 mm long; capsule 4-6

mm long; seeds 40-50, 1-1.3 mm long; to be expected in Washington
County 26. P. peirsoniana J. T. Howell

35b. Leaves entire; style and branches 1.5 mm long; capsule 2.5-4 mm long;

seeds 22-37 or 60 per capsule, 1 mm long or less 36

36a. Corolla tubular, marcescent; seeds ca 60, 0.3-0.4 mm long, reticulate; to

be expected in southern Utah 31. P. saxicola Gray

36b. Corolla tubular-campanulate, deciduous; seeds 22-37, 0.6-1 mm long,

pitted; western Utah; Uintah County 18. P. incana Brand

1. Phacelia affinis A. Gray
Map 15

Phacelia affinis A. Gray, Syii- Fl. N. Anier. ed. 2.

2: 417. 1886.

Plants annual, 0.5-3 dm tall, puberulent
and glandular, the glandular hairs wdth
black, capitate heads; stems erect to

spreading; leaves pinnately divided, ob-

long to lanceolate, 1-4 cm long; petioles

to 4 cm long; inflorescence of elongate

racemes, 1-4 cm long; sepals oblanceolate

to spatulate, 3-4 mm long in flower and
6-10 mm long in fruit; corolla pale lav-

ender or white with a pale yellowish tube,

narrowly campanulate; stamens included,

unequal, filaments glabrous; style in-

cluded, 1-2 mm long; capsule 4-5 mm
long; ovules 13-40; seeds ovate to oblong,

ca 1 mm long, brown, reticulate and
transversely (orrugated. Type locality:

Lower California.

Nevada, southern Utah, New Mexico,
Arizona and California. Frequent in dry
sandy soil of deserts and lower mountain
areas from 3,000 to 5,000 feet elevation.

Grand County: Colorado River road, 1 mile E
Moab Bridgf", DoiniriK 1 14 (hky). San .luan

County: east slope of Elk Ridgo, B. Maguire
2050 (uTc). Washington County: Beaver
Dam Mountains, D. Atwood 1438 (bry);

below Anderson's Ranch, B. Maguire 1510
(uTc); mesa east of Hurricane. B. Maguire
1509 (uTc); Toquerville, B. Maguire 16339
(uTc); 2 miles W Hurricane, W. Cottam

County Lines and
river drainages

Map 15. Utah distribution of Phacelia affinis

A. Gray.
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9874 (ut); Beaver Dam Mountains. A. East-

wood & J. T. Howell 9071 (ut).

2. Phacelia alba Rydberg
Fig. 1 1 ; Map 16

Phacelia alba Rvdbeig, Bull. Torr. Bot. Club 28:

30. 1901.

Phacelia neomexicana Thurber ex Torr. var. alba
(Rydb.) Brand, Pflanzenr. IV. 251: 83. 1913.

Phacelia neomexicana Thurber ex Torr. var.

coulteri (Greenman) Brand subvar. folisis-

sima Brand. Pflanzenr. IV. 251: 84. 1913.

Phacelia glandulosa Nutt. ssp. eu-glandulosa
Brand var. elatior Brand, Pflanzenr. IV. 251:

82-83. 1913. in part.

Plants annual, 0.5-7 dm tall; stems
simple to much branched, erect or ascend-
ing, leafy, puberulent, setose to hirsute

and stipitate-glandular; leaves irregularly

lobed to bipinnate, 2-10 cm vvide, lower
leaves long petiolate, upper leaves .sessile

or subsessile; inflorescence of dense termi-

nal compound scorpioid cymes, densely
glandular and puberulent to hirsute, the

cymes 1-2 cm long in flower to 8 cm long
in fruit; sepals linear to oblanceolate, 3.5-4

mm long; corolla campanulate, white
(sometimes pale purple), 3-4 mm long
and broad, the lobes pubescent and den-
ticulate; capsule ovoid to subglobose, 3-3.3

mm long, puberulent and quite glandular;

/



20 GREAT BASIN NATURALIST Vol. 36, No. 1

locality: Costilla County, Colorado. Sangre
de Christo Creek.

Southern Wyoming, south through cen-

tral Colorado and New Mexico and adja-

cent Chihuahua, Mexico, west to Arizona
and Utah. Dry clayloam or sandy draws
and flats, fields, meadows, and gravelly

hillsides. From 6,000 to 9,500 feet eleva-

tion, late May to early October.

Garfield County: Dixie National Forest, Gierisch

88 (uTc) ; Panguitch Lake. B. Maguire
18969 (cAS, uc, UTc); near Ruby. A. East-

wood & J. T. Howell 7159 (cas) ;" Panguitch.
Eggleston 8157 (utc). Sevier County: ca 15

miles N Fremont, S. Welsh & G. Moore 3547
(bry) ; ca 6 miles S Fremont junction, S.

Welsh et al. 9490 (bry); Fish Lake. P.

Rydberg & E. Carlton 7498 (gh, ny, rm).
Washington County: soutliwest corner of

Washington County, W. Cottam 8563 (ut).

Wayne County: Loa, M. Jones 5639c
(pom).

3. Phacelia ambigua Jones

Map 17

Phacelia ambigua Jones, Cont. West. Bot. 12: 52.

1908.

Phacelia crenulata Torr. var. ambigua (Jones)

Macbride, Cont. Gray Herb. 49: 25. 1917.

Annual, 1.5-4 dm tall; stems erect,

usually branching freely from the base,

UTAH

Map. 17. Utah distribution of P/iacrlia ambigua
Jones.

hispid, puberulent, and stipitate-glandu-

lar; leaves simple to pinnately compound,
0.5-13 cm long, 0.5-4.5 cm wide, petiolate

to sessile, strigose to hispid and stipitate-

glandular; inflorescence of compound
scorpioid cymes, the cymes elongating to

12 cm long in fruit, pubescence as for the

stems; sepals elliptic to oblanceolate, 2.7-

5.1 mm long, 1-1.3 mm wide, puberulent,
hispid and stipitate-glandular; corolla

campanulate to rotate-campanulate, purple
or dull lavender, 4-10 mm long and broad,

pubescent; stamens and style exserted 2-10

mm; style bifid, pubescent below; capsule

globose to subglobose, 3-3.5 mm long, 2.5-

3.4 mm wide, puberulent and glandular;
mature seeds 4, ovate, reddish to brown,
2.5-3.3 mm long, 1.3-1.8 mm wide, alveo-

late, cymbiform. the ventral surface ex-

cavated on both sides of the ridge, the

ridge corrugated on one side. Type lo-

cality: San Bernardino County, California,

Needles.

Southern Nevada and southwestern
Utah, east to Arizona, south to southeast-

ern California. Lower Sonoran Desert from
490 to 5,000 feet elevation. February to

mid-June.

Washington County: St. George, F. Gould
1470 (ny, uc, ut); Terry's Ranch, L. Higgins
1224 (bry); 2 miles W Virgin on highway
15, B. Wood 140 (bry); Zion Canyon, M.
Jones s.n. (us); 2 miles W Rockville, B.

Maguire et al. 4938 (utc) ; 5 miles SW
Leeds, B. Maguire & H. Blood 1500 (ux,
utc); Middleton. R. Nisson s.n. (ux).

4. Phacelia anelsonii Macbride
Fig. 12; Map 18

Phacelia anelsonii Macbride. Contr. Grav Herb.
49: 26. 1917.

Erect annual, 1-5.5 dm high; stems
terete, usually simple, covered with brown-
ish stipitate glands, leafy throughout;
leaves pinnately cleft, naiTowly to broadly
oblong, 1.5-8 cm long, with brownish stipi-

tate-glandular and a few nonglandular
hairs; inflorescence racemose to panicu-

late, usually terminal on the upper half of

the stem, sometimes on leafy lateral

branches, indivichial cymes 1-5 cm long,

setose and gliuuiiiiar |)ubescent; sepals ob-

lanceolate to spatulate, 3-6 nun long, 1-2

mm wide, setose to gUuukdar, 1-2 mm
longer than the capsule; corolla rotate to

campanidate, light violet t)r white, 6 mm
long and wide; stamens included, anthers

yellow; style included, 3.5-4.8 mm long,
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UTAH

Fig. 12. Phacelia anelsonii Macbride.

shorter than the stamens, cleft 2/3 its

length, glandular and puberulent at the

base; capsule oval, 3.3-3.7 mm long,

glandular "spotted throughout and pilose

on the upper half; mature seeds 4, oblong,

2.7-3.4 mm long, 1-1.3 mm wide, light

brown, margins entire, ventral surface

strongly alveolate, divided by a prominent

ridge, the ridge corrugated along one side,

dorsal surface alveolate. Type locality:

Map 18. Utah distribution of Phacelia anelsonii

Macbride.

Lincoln County, Nevada, Meadow Valley,

Wash.
Lincoln County, Nevada, south to

Washington County, Utah, Inyo and San

Bernardino counties, California. Com-

monly in shady places at the base of sand-

stone and limestone cliffs or among rocks

and in sandy to gravelly washes, 2,000 to

5,000 feet. Restricted and local; threat-

ened.

Usually locally scattered, April to May.

Washington County: west slopes of Beaver Dam
Mountains, R. Barneby 2937 (cas, rsa); ca

2 miles W Virgin, B. Wood 140 (bry); Castle

Cliffs Beaver Dam Mountains, S. Welsh, D.

Atwood & E. Matthews 9542 (bry) ;
Jack-

son road, Beaver Dam Mountains L. Higgins

499 (bry); Dixie State Park, L. Higgms 921

(bry) .

5. Phacelia argillacea Atwood

Map 19

Atwood Phytologia 26(6):
Phacelia

437.

argillacea

1973.

Plants annual or biennial, 1-3.6 dm tall;

stems finely pubescent; leaves oblong, pm-

natifid, 0.8-5 cm long, 0.5-1.5 cm wide,

strigose, petiolate; inflorescence ot com-

pound scorpioid cymes, stipitate-glandu-

lar and setose to hirsute, pedicles 0.7-1
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UTAH

Map 19. Utah distribution of Phacelia argil-

lacea Atwood.

mm long, cymes up to 7.5 cm long in

fruit; sepals elliptical to oblanceolate, 2-

3.8 mm long, 1 mm wide, stipitate-glandu-

lar and hirsute or setose; corolla campanu-
late, blue to violet, ca 5 mm long and
broad, the lobes pubescent; stamens and
style exserted ca 7 mm; capsule subglo-

bose, 3.2-3.3 mm long, 2.3-2.4 mm wide,
glandular and setose; mature seeds 4,

ovate to elliptic, 2.4 mm long, 1.1 mm
wdde, pitted, the ridge curved and more
or less excavated along one side.

Type: Utah: Utah County: Clear Creek
in Spanish Fork Canyon along railroad on
the east side of highway 6-50, D. Atwood,
K. Toft & J. Jefferies 3091 (holotypk:
BRY: ISOTYPKS: BRY, GH, NY, RM, UC, UT,
UTC).

Additional collections examined: Utah:
Utah County: Pleasant Valley .Junction,

Wasatch Mountains, August 1883, M. E.

Jones s.n. (gas, ny, pom, rm, uc, us,

UTc); near Clear Creek at Soldier Sum-
mit, 6 July 1894, M. E. Jones 5591 (ny,
POM, uc).

Known only from the type collections

on the Greenriver Shale formation in

Utah County, Utah. Endemic, rare, and
endangered.

This species is related to P. glandulosa

Nutt. and P. bakeri (Brand) Macbride,

but is easily distinguished by its nearly

glabrous herbage, smaller capsule and
flowers. The seeds are smaller (2.4 mm
long) and are excavated only on one side

of the ventral ridge. The seeds of P.

bakeri lack excavations on both sides of

the ridge, whereas the seeds of P. glandu-

losa have excavations on both sides of the

ridge. The glandular pubescence typical

of P. bakeri and P. glandulosa is restricted

to the inflorescence in P. argillacea.

6. Phacelia austromontana J. F. Howell
Fig. 13; Map 20

Phacelia austromontana J. T. Howell, Leafl. West.
Bot. 3: 190. 1942.

Phacelia humilis Torr. & Gray var. lobata Da-
vidson. Bull. S. Calif. Acad. Sci. 5: 61.

1906.

Phacelia lobata (Davidson) Jepson. Fl. Calif. 3:

253. 1943.

Annual, 0.5-2 dm tall; stems usually

widely branched from the base, hirsute

and glandular; leaves entire to few
toothed to pinnately lobed, 1-3 cm long,

linear, lanceolate or oblong, hirsute and
glandular; inflorescence of few to many
flowered racemes; sepals unequal, linear

Map 20. Utali distribution of Phacelia austro-

montana J. T. Howell.
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Phacelia austromontana J. T. Howell.

to oblanceolate, hirsute and glandular;

corolla open campanulate, lavender or

pale blue, 3-5 nun long; stamens ca

equaling the corolla; style included, hairy
at the base; capsule ovate, 3-3.4 mm long;

seeds 2-4, light brown, 1.5-1.76 mm long,

coarsely pitted. Type locality: Los Angeles
County, California, South Fork Rock
Creek, San Gabriel Mountains.

California, Nevada, and southwestern
Utah. Sandy or rocky ground in the moun-
tains above 6,000 feet. June to July.

Washington County: Oak Grove, Pine Valley
Mountains, W. Cottam 8831 (ut); Oak
Grove Camp, Pine Valley Mountains, H.
Ripley & R. Bameby 4936 (cas).

7. Phacelia cephalotes A. Gray
Fig. 14; Map 21

Phacelia cephalotes A. Gray, Proc. Amer. Acad.
10: 325. 1875.

Fig. 14. Phacelia cephalotes A. Gray.

Phacelia curvipes Parry, Amer. Nat. 9: 16.

1875. nomen nudum; not P. curvipes Torr.

Annual, 0.5-1.3 dm tall; stems low and
widely branched from the base, glandular
and villous; leaves entire, oblong to ovate,

0.5-1.8 mm long, hirsutulous and glandu-
lar; inflorescence of densely flowered ra-

cemes; sepals linear to oblanceolate, 3-10

mm long; corolla tubular, lavender, 4 mm

UTAH

Map 21. Utah distribution of Phacelia cepha-

lotes A. Gray.
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long; stamens and style included; capsule

ovate, 3-4 mm long; seeds 8-12, 1.3-1.5 mm
long, oblong, angular, the angles denticu-

late, pitted. Type locality: Washington
County, Utah, "Valley of the Virgin

River."

Southern Utah, Navajo and Mohave
counties, Arizona. Endemic to the Chinle

formation. April to June. Restricted and
local; possibly threatened.

Kane County: Chinle formation east of Kanab,
D. Atwood 1798 (bry); 1 mile E Kanab, B.

Olsen 55 (bry). Washington County: near

Washington, A. Eastwood & J. T. Howell
9151 (uTc); St. George, M. Jones 1646

(UT, UTC).

8. Phacelia coerulea Greene
Fig. 15; Map 22

Phacelia coerulea Greene, Bull. Torr. Bot. Club
8(2): 122. 1881.

Phacelia invenusta Gray. Proc. Amer. Acad. 20:

303. 1885, in part.'

Phacelia intermedia Wooton, Bull. Torr. Bot. Club
25: 257. 1898, in part.

Annual, 0.5-6 dm tall; stems erect,

branched throughout, puberulent to setose

and sparsely to densely stipitate-glandu-

lar, leafy throughout, leaves deeply sinu-

ate to pinnatifid, oblong to ovate, strigose

to glandular, margins crenate; inflores-

UTAH
County Lines and
river drainages

i-

Map 22. Distribution near Utah of Phacelia
coerulea Greene.

Fig. 15. Phacelia coerulea Greene.

cence terminal, commonly loosely panicu-

late or cymose; sepals narrowly oblanceo-

late to elliptical, 2.5-4 mm long; corolla

campanulate, lobes pale mauve to blue

(turning white in fruit), tube yellowish,

3-4 mm long and broad; stamens mostly
included, sometimes slightly exserted,

anthers yellow, ovate, filaments bluish;

style included to slightly exserted, equal-

ing the stamens; capsule globose, 2.5-3.5

nun long; mature seeds dark brown, ven-

tral surface pitted and divided by a promi-

nent ridge, the ridge corrugated on one
side, margins usually corrugated, dorsal

surface pitted, 0.3-0.4 mm of the margin
slightly elevated and smoother than the

pitted center. Type locality: New Mexico,
bluffs of the Gila.

Southern Nevada, southeastern Califor-

nia, east through Mohave County to

southern Arizona and southern New
Mexico from Soccorro and Lincoln coun-

ties to El Paso, Presidio, and Brewster
counties, Texas, and adjacent Mexico in

the state of Chihuahua. Gravelly and arid

calcareous hills and banks, sandy-gravelly

stream beds and rocky ledges, 2,000 to

6,000 feet elevation. Late February to

early July.

This species is to be expected in Wash-
ington County.
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Fig. 16. Phacelia constancei Atwood.

9. Phacelia constancei Atwood
Fig. 16; Map 23

branched throughout, reddish, hirsutulous

to hirsute, and finely glandular; leaves

undulate to pinnatifid, linear to lanceo-

late; inflorescence of compound scorpioid

cymes; sepals elliptic to oblanceolate, 3-4

Erect biennial herb, 1.5-4.3 dm tall, mm long; corolla tubular, whitish, 5-6

leafy throughout; stems stout, simple or mm long; stamens exserted 3-4 mm longer

Phacelia constancei Atwood, Rhodora 74(800)
451-468. 1972.
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Map 23. Utah
stancei Atwood.

distribution of Phacelia con-

than the stamens; capsule subglobose,

shorter than the sepals; mature seeds 4,

black, 2.5-2.8 mm long, 1-1.2 mm wide,

elliptic, the margins corrugated, ventral

surface finely pitted, excavated and di-

vided by a prominent ridge, the ridge cor-

rugated on one side, the dorsal surface

finely pitted. Type locality: Coconino
County, Arizona, 1 mile north of Fre-

donia.

Mohave County, Arizona, east to Kane
and San Juan counties, Utah. Alkaline

clay bluffs and flats of the Moenkopi for-

mation, 5,500 feet elevation. Late May to

early August. Edaphically restricted and
local; threatened.

Kane County: 19 miles E Kanab, H. Ripley &
R. Bameby 4856 (cas, rsa); 20 miles E
Kanab, D. Atwood 1792B (bry, cas, gh, ny,
POM, RM, us); ca 30 miles E Kanab, D. At-
wood 1532 (bry, cas, gh, ny, us); iS miles
E Kanab, D. Atwood 1793A (ariz, bry, us,

ut); 3.7 miles E Skutumpah-Alton junction

at the head of Johnston Canyon, D. Atwood
1I8OIA (bry). San Juan County: ca 7.5

miles E Bluff, D. Atwood 2467 (bry).

10. Phacelia corrugata A. Nels.

Fig. 17; Map 24

Phacelia corrugata A. Nels., Bot. Gaz. 34: 26.

1902.

Phacelia crenulata Torr. ex S. Wats. var. cor-

rugata (A. Nels.) Brand, Pflanzenr. IV.

251: 79. 1913.

Phacelia orbicularis Rydberg, Bull. Torr. Bot.

Club 40: 479. 1913.

Plants annual or winter annual, 0.5-4.3

dm tall; stems greenish, puberulent to

Fig. 17. Phacelia corrugata A. Nels.
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UTAH

Map 24. Utah distribution of Phacelia corrugata
A. Nels.

finely stipitate-glandular, sometimes with
a few longer hairs intermixed; leaves

ovate to oblong, nearly entire to pinnately
lobed, setose to strigose and stipitate-

glandular; inflorescence of scorpioid ra-

cemes; sepals oblanceolate, 4-5.5 mm long,

corolla campanulate, deep blue, 6 mm
long or more; stamens and style exserted

over 3 mm, filaments and style blue; cap-

sule elliptic, 3.8-4.5 mm long; mature
seeds oblong to elliptic, light brown, 3.1-4

mm long, 1.3-1.7 mm wide, pitted, the

ventral surface corrugated on the margins
and one side of the ridge. Type locality:

Garfield County, Colorado, Rifle.

Eastern Nevada, east to Colorado in

Garfield and Gunnison counties, south
through Ouray and Montezuma counties

to northwestern New Mexico and north-
ern Arizona. This species grows in a large

number of habitats, from dry gravelly
iiillsides and flats, sandy soil, red shaly
clay to heavy clay soils, 3,500 to 7,000
feet. Late April to mid July.

Beaver County: Frisco, M. Jones 2030 (pom).
Box Elder County: Desert Wash, W. Cottam
3150 (ut). Carbon County: Price slopes, R.

Hardy. 13966 (ut); clay hills east of Well-
ington, H. Ripley & R. Barneby 8631 (cas,

ny); clay banks, Price. S. Flowers 56001
(ut). Duchesne Countj': ca 15 miles SW

Myton, J. Brotherson 740 (bry); ca 7 miles
5 U.S. 40 along Utah 299, J. Brotherson 895
(bry). Emery County: ca 4 miles S junction
of Utah highway 24-U.S. 50-6, S. Welsh
3912 (bry); ca 13 miles E Buckhorn Wash
along road north of San Rafael River, Welsh
6 Atwood 9847 (bry); ca 4 miles SW
Temple Mountain, D. Atwood 1344 (bry);
1.5 miles N Woodside, S. Flowers 2337
(ut); Greenriver, M. Jones s.n. (cas, ny,
RM, ut); ca 5 miles W junction 6-50 /Hunt-
ington-Castledale road, D. Atwood 1329
(bry); 3 miles E Greenriver, D. Atwood 1321
(bry); 11 miles N Goblin Valley turnoff on
Temple Mountain road from highway 24,
D. Atwood 1856 (bry); east of Greenriver,
D. Atwood 1832 (bry); 7 miles W Lawrence,
D. Atwood 1836 (bry). Garfield County:
24 miles SE Hanksville, C. Parry s.n. (cas,

ut); Grover, B. Harrison 9178 (bry); east
edge of Big Thompson Mesa, J. Peterson 50
(bry); Escalante Mountains, W. Cottam
4437 (bry); east side of Mt. Ellen, Henry
Mountains, P. Standley s.n. (ut); Eggnog
Spring, Bullfrog Creek, S. Welsh 3980
(bry). Grand County: between the Windows
& Turrett Arch, Arches National Monument,
L. Anderson 63 (utc); 10 miles E Green-
river, J. Pederson 11 (bry); Thompson, M.
Jones 2107 (bry); near Cisco, C. Porter
2830 (cAS, RM, utc) ; ca 1 mile NE Dewey,
R. Vickery, Jr. 232 (ut). Juab County: vol-

canic hill north of Fumarole Butte, W. Cot-

tam & C. McMillan 9641 (rsa, ut); Fish
Springs, M. Jones s.n. (pom); 8 miles S
Trout Creek, B. Maguire & R. Becraft 2750
(utc). Kane County: bench north of Wah-
weap Marina. Welsh & Atwood 9771 (bry);

1/2 mile W Paria River Bridge along high-

w'ay 89, Welsh & Atwood 9744 (bry); East
Clark Bench 42 miles E Kanab, B. Harrison
12063 (bry). Millard County: Cove Fort, W.
Cottam 5098 (ut); R.18W., T.24S., section

25, H. Papenfuss, 17 (bry); Desert Range
Experiment Station headquarters, D. Atwood
1507 (bry); Wah Wah Mountains. W. Cot-

tam 7126 (ut); 25 miles SE Burbank, A.
Eastwood & J. Howell 9358 (cas, gh, uc,
utc); Detroit, M. Jones s.n. (pom); west end
of Pine Valley, B. Maguire 20891 (ny);
Gandy, O. Hare 130 (utc). San Juan
County: 2 miles E Bluff, A. Holmgren 3187
(utc); 1.5 miles SW San Juan River Bridge

southwest of Mexican Hat, A. Holmgren
3247 (NY. utc); ca 7.5 miles W Bluff, D.
Atwood 2465 (bry); 25 miles S Blanding on
highway 163. D. Atwood 2451 (bry); ca

2 miles NW Oljeto Post, H. Cutler 2244
(cAS, GH, uc); south of Bloomfield, H. Rip-

ley & R. Barneby 8383 (cas) ; Virginia

Park, G. Moore 315 (bry). Sevier County:

south of Koosharem Reservoir, D. Atwood
1370 (bry). Tooele County: near Wendover,
W. Cottam 7098 (ut); Ibapah, W. Cottam
3150 (bry, cas). Uintah County: 8 miles S

Ouray, R. Rollins 1696 (cas, gh, ny, rm);
Chepeta Well, M. Jones, s.n. (pom); Hill

Creek ca 12 miles S Ouray. J. Brotherson

546 (bry); near Dinosaur National Monu-
ment headquarters, C. Porter 5298 (gh,

rm); Throne Ranch, Willow Creek, D. At-
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wood 1563 (bry); 6 miles N Jensen, W.
Weber 5370 (uc); 20 miles S Vernal, E. Gra-

ham 6182 (us). Wayne County: 1.5 miles

NW Fairview Ranch north slopes of Henry
Mountains, B. Harrison 11178 (bry); Grover,

B. Harrison 9178 (bry); east of Torrey, H.
Riplev & R. Barneby 8618 (cas, ny); 5

miles' E Torrey. B. Maguire 18101 (utc);

9 miles N Greenriver, B. Maguire 18231

(utc) ; 3 miles W Hanksville, Atwood &
iHiggins 1833 (bry).

11. Phacelia crenulata Terr, in S. Wats.
Map 25

Phacelia crenulata Torr. in S. Wats., Bot. King
Exped. 251. 1871.

Phacelia crenulata Torr. in Wats. var. vulgaris

Brand, Pflanzenr. IV. 251: 78. 1913.

Plants annual, 0.25-8.3 dm tall; stems
1 -several, simple or branched, puberulent,

pilose, setose or hispid, and stipitate-

glandular, reddish purple to green; leaves

sessile to petiolate, 0.4-1.2 dm long, 0.5-4

cm wide, stigose to setose or hispid and
stipitate-glandular; inflorescence of com-
pound scorpioid cymes; sepals elliptic to

oblanceolate, 3-5.3 mm long, 1-1.4 mm
wide, setose to hispid and stipitate-glandu-

lar; corolla campanulate to rotate-cam-

panulate, blue, pale purple or violet,

pubescent, 4.5-7 mm long and broad; sta-

mens and style exserted 5.5-11 mm; style

UTAH

bifid 3/4 its length, glandular pubescent

below; capsule globose to subglobose, 2.6-

4.1 mm long, 2.3-3.2 mm wide, puberulent

and glandular; mature seeds 4, elliptic to

oblong, 2.8-3.6 mm long, 1.2-2 mm wide,

the ventral surface corrugated.

Nevada, east to western and southern

Utah (except Washington County), south

to Mohave and Coconino counties, Ari-

zona, and eastern California from Nevada
County south to San Bernardino County.
Rock slides, limestone talus, lava flows,

gravelly and sandy soil of the foothills

and cauyons, from 4,600 to 8,000 feet ele-

vation. Late February to early July. Re-

stricted in disjunct populations.

Garfield County: Mt. Ellen, A. Garrett 5579
(bry); Dog Valley. H. Ripley & R. Barneby
4781 (cas, rsa). Kane County: ca 30 miles

E Kanab, D. Atwood 1532B (bry); Tibbet
Canyon N Glen Canyon City, D. Atwood
3603 (bry); Cedar Mountain S Glen Can-
yon City, D. Atwood 3612 (bry). Tooele
County: Wendover, E. Van Dyke s.n.

(cas). Wayne County: at mile post 21 south

of Hanksville, Welsh & Moore 7102A (bry).

12. Phacelia curvipes Torr. in S. Wats.

Fig. 18; Map 26

Phacelia curvipes Torr. in S. Wats.. Bot. King
Expl. 252. 1871.

Phacelia curvipes Torr. in Wats. var. eu-curvipes

Brand, Univ. Calif. Publ. Bot. 4: 222. 1912.

Plants annual, 3-15 cm tall, stems dif-

fuse or ascending, hirsute and hirsutulous,

ICM

Map 25. Utah distribution of Phacelia crenulata
Torr. Fig. 18. Phacelia curvipes Torr.
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Map 26. Utah distribution of Phacelia cur-

vipes Torr.

lacking glandular hairs; inflorescence of

terminal racemes, these with scattered

capitate glands; leaves linear to oblanceo-

late, 1-4 cm long, entire or rarely with a

small lobe near the base, petiole to 2 cm
long; sepals linear to oblanceolate, 3-10

mm long; corolla campanulate, lavender

to pale violet, 4-6 mm long, tube whitish;

stamens included; style included, long-

hairy near the base; capsule ovoid, 4-5 mm
long, flattened; seeds 6-17, ovate, ca 1 mm
long, coarsely pitted, brown. Type locality:

Washoe County, Nevada, foothills near
Carson and Washoe cities and on the

Trinity Mountains.
Central Nevada, south to southern Cali-

fornia and southwestern Utah. Mountain
slopes and foothills, 4,000 to 8,000 feet.

Washington County: Welcome Springs, Beaver
Dam Mountains, B. Maguire 20553 (utc) ;

Clear Creek Canyon, Zion Park, A. East-

wood & J. Howell 9233 (utc); near Ander-
son's Banch. H. Blood 1505 (utc); summit
Beaver Dam Mountains, D. Atwood 1439
(bry, c.\s); ca 3 miles SW Television Belay
Tower. Beaver Dam Mountains. L. Higgins
880a (bry).

13. Phacelia demissa A. Gray

Phacelia demissa A. Gray. Proc. Amer. Acad.
10: 326. 1875.

Plants annual, 0.3-2 dm tall; stems erect

or ascending, glandular, puberulent or vil-

lous; leaves broadly ovate to orbicular, 1-

2.6 cm long, mostly near the ends of the

branches, entire to undulate; inflorescence

of terminal or axillary, sessile racemes;

sepals linear, oblong to lanceolate, 5-6 mm
long; corolla tubular to narrowly cam-
panulate, 5-8 mm long, lavender or pur-

plish, the tube pale yellow; stamens in-

cluded; style included, hairy below; cap-

sule oblong, 3-4 mm long; seeds 10-16,

ovate to oblong, 1-1.5 mm long, brown.

13a. Phacelia demissa A. Gray var.

demissa

Map 27

Phacelia demissa A. Gray var. demissa

Phacelia demissa Gray, 1 . c

Phacelia nudicaulis Eastwood, Zoe 4: 123. 1893.

Phacelia knight i A. Nels., Bull. Torr. Bot. Club

28: 229. 1901.

Upper stems glandular-puberulent;

lower internodes naked, elongating to 6

cm; leaves mostl}' clustered at the ends of

the branches; style 2 mm long or less.

Type locality: New Mexico, type collec-

tion without data, and questionable as

from New Mexico.

UTAH
County Lines and

Map 27. Utah distribution of Phacelia cur-

vipes Torr.
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Southern Wyoming, south to Utah and
northern Arizona. Mostly confined to the

Mancos and Tropic Shale formations,

March to August.

Carbon County: 2 miles E Wellington. S. Flowers

8021 (bry); Wellington, Cottani & Hutch-

ings 2028 (bry). Emery County: 2 miles S

Ferron. no collector, 4738 (utc); 7 miles

W Lawrence, D. Atwood 1837 (bry). Gar-

field County: 2 miles N Hanksville, H. Rip-

ley & R. Barnebv 8591 (utc): 1 mile E
Henrieville, D. Atwood 1875 (bry): R.IOE.,

T36S., J. Pederson 28 (bry). Kane County:

ca 4 miles N U.S. 89 on Cottonwood Wash
Road, D. Atwood & R. Allen 2762 (bry);

10.5 miles E Glen Canyon City, D. Atwood
2634 (bry); 4 miles W Hole-in-Rock, N.

Holmgren & J. Reveal 2037 (bry, utc); 15

miles W Glen Canyon City and 4 miles S

on dirt road, D. Atwood & R. Allen 2864

(bry). Uintah County: Orchard Creek.

Dinosaur National Monument, S. Welsh 159

(bry); 2.5 miles N Brush Creek Sheep Pens

on old Diamond Mountain road, D. Atwood
1596 (bry). Wayne County: 28 miles SW
Hanksville, A. Cronquist 9179 (utc).

13b. Phacelia demissa A. Gray var.

heterotricha J. T. Howell
Map 28

Phacelia demissa A. Gray var. heterotricha J. T.

Howell, Amer. Midi. Natur. 29: 8. 1943.

Upper stems glandular-villous; lower

internodes leafy ca 3.5 cm long; style 3-4

mm long. Type locality: Sevier County,

Utah, Marysvale.
Sevier and Wayne counties, Utah.

Sandy or clay flats. Endemic, restricted,

and possibly threatened.

Sevier County: Marysvale Canyon, L. Arnow
22 (ut); 2 miles N Elsinore, J. Reveal et al.

733 (bry). Wayne County: 12 miles W
Hanksville, D. Atwood 1361a (bry); 15

miles W Hanksville, D. Atwood 1362 (bry).

14. Phacelia fremontii Torr. in Ives

Fig. 19; Map 29

Phacelia fremontii Torr. in Ives' Colo. River

Explor. Exped. Bot. 21. 1860.

Phacelia brannani Kell., Proc. Calif. Acad. Sci.

7: 90. 1877.

Phacelia hallii Brand, Jahresb.. Kgl. Gymnas.
Sorau Beilage 8. 1911.

Annual, 1-3 dm tall; stems several to

numerous, ascending, puberulent to hirsu-

tulous, retrorsely hairy below, somewhat
glandular above; leaves pinnately divided,

2-6 cm long, hirsutulous, mostly basal;

inflorescence of many dense terminal

cymes; sepals linear to oblanceolate, 4-9

mm long, glandular and hirsutulous; co-

rolla funnelform to campanulate, the lobes

lavender to blue, 6-16 mm long, the tube

yellow; stamens included, unequal; style

included; capsule oblong, 5-6 mm long.

Map 28. Utah distribution of Phacelia demissa
A. Gray var. heterotricha .1. T. Howell.

Map 29. Utah distribution of Phacelia fremontii

Torr.
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Fig. 19. Phacelia fremontii Torr.

hirsutulous and minutely glandular; seeds

ca 12-40, oblong or ovate, ca 1 mm long,

brown, corrugated. Type locality: Arizona,
Yampai Valley.

California and Nevada, east to Utah
and Arizona. Sonoran Zones on hills and
plains, March to May.

Washington Qjunty: Zions Canyon, W. Cottam
4787 (bry); 1 mile S Relay Station, Beaver
Dam Mountains. D. Atvvood 14-1-8 (bry);

Apex Mine. W. Cottam 4712 (bry); ca 5

miles N Gunlock. S. Welsh & G. Moore 6833
(bry); Diamond Valley, L. Higgins 4198
(bry); mesa E Hurricane. F. Wann 1511

(uTc); St. George, M. Jones 1610 (utc);
4 miles W Springdale, M. Gaufin & A.
Cronquist s.n. (utc) ; between Pine Valley

and Central Wash, W. Cottam 6828 (ut).

15. Phacelia hastata Dougl. ex Lehm.
ssp. hastata

Fig. 20; Map 30

Phacelia hastata Dougl. ex Lehm. ssp. hastata,

Univ. Calif. Publ. Bot. 32(1): 80-88. 1960.

Phacelia hastata Dougl. ex Lehm.. Stirp. Pug.

2: 20. 1830.

Fig. 20. Phacelia hastata Dougl. ex Lehm. ssp.

hastata.

Phacelia leucophylla Torr. in Frem.. Fremont
Report 89. 1943.

Phacelia hastata var. leucophylla (Torr.) Cronq.

in Hitchc. et al.. Univ. Wash. Publ. Biol.

17: 164. 1959.

Phacelia canescens Nutt., Jour. Acad. Phila. ser.

2, 1: 159. 1848.

Phacelia biennis Nels., Bull. Torr. Bot. Club 26:

132. 1899.

Phacelia alpina Rydb.. Mem. N.Y. Bot. Gard.

1: 324. 1900.

Phacelia heterophvlla Pursh var. alpina (Rydb.)

Nels. in Coult. & Nels.. New Man. Bot. Rocky

Mts. 408. 1909.

Phacelia leucophylla Ton-, var. alpina (Rydb.)

Dundas. Bull. So. Calif. Acad. 33: 165.

1935.

Phacelia hastata Dougl. ex Lehm. var. alpina

(Rydb.) Cronq. in Hitchc. et al., Univ. Wash.

Publ. Biol. 17: 164. 1959.
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Map 30. Utah distribution of Phacelia haslaia

Dougl. ex Lehm. ssp. hasiata.

Phacelia leucophylla Torr. var. suksdorfii Mac-
bride, Contr. Gray Herb. 49: 34. 1917.

Plants perennial, 2-4.5 dm high; stems
one to several, erect, strigose and hispid;

leaves entire or sometimes with 1-2 lateral

pairs of lobes near the base of the leaf,

lanceolate to ovate or oblanceolate, with
a well-developed basal rosette; inflores-

cence of scorpioid racemes or panicles;

sepals linear to lanceolate, 3-6 mm long,

strigose and hirsute; corolla campanulate,
white to lavender, 4-6 mm long; stamens
exserted, filaments hairy at the middle;
style exserted, pubescent at the base; cap-
sule ovoid, ca 3 mm long; seeds 1-2, ob-
long, 2-2.6 mm long, brown. Type lo-

cality: plains of the Columbia.
British Columbia and Alberta, south to

Colorado and Utah, west to California,
Oregon, and Washington, east to North
and South Dakota and Nebraska. Sandy
to rocky ground of the foothills and
mountains. June to August.

Duchesne County: head of Blind Stream Creek,
B. Harrison & A. Hisson 8812 (dry); Hades
Creek, E. Snow s.n. (bry); Grandaddy Lakes
Basin west of Thesis Lake, H. Stut/. 2065
(bry). Juab County: Sheba Mine, Deep
Creek Mountains, W. Cottam 3207 (bry).
Piute County: ca 4 miles W Marysvale, D.
Atwood 3042 (bry). Sanpete County: 5 miles

N Fairview Canyon Wasatch Mountains, J.

Leetham 14 (bry). Salt Lake County: Little

Cottonwood, W. Cottam & Biddaluph 3229
(bry); South Fork Mill Creek, E. Robison

s.n. (ut). Summit County: head of Provo
River, Cottam & Biddaluph. 3636 (bry);

Bald Mountain Pass, E. Devenport. ECD
45 (bry) ; Lily Lake northwest of Trial Lake,

D. Atwood 1540 (bry); ca 3 miles E Mt.
Elizabeth Ridge, north slope Uintali Moun-
tains, S. Welsh, G. Moore & E. Matthews
9158 (bry). Utah County: American Fork
Canyon, L Diehl s.n. (bry); junction of US
50-6 & Utah 96, S. Welsh, D. Atwood & G.

Moore 10765 (bry); mouth of Rock Canyon.
W. Cottam 442 (bry). Wasatch County:
Wolf Creek Pass, Wolf Creek, S. Welsh
3445 (bry) ; 5 miles SE Strawberry Reservoir

along U.S. 40, W. Patrick 131 (bry).

16. Phacelia heterophylla Pursh

Map 31

Phacelia heterophylla Pursh, Fl. Amer. Sept.

140. 1814.

Plants perennial, 2-11 dm tall; stems

simple, erect, leafy, strigose to hispid;

leaves pinnately dissected, 0.5-1 dm long,

wdth a basal rosette; inflorescence panicu-

late, pilose to hispid; sepals lanceolate to

oblong, 3-6 mm long, unequal; corolla

campanulate, white to pale yellow, 4-7

mm long; capsule ovoid, 2-3 mm long,

pubescent; seeds 1-2, 2-2.5 mm long,

UTAH

Map 31. Utah distribution of Phacelia hetero-
phylla Pursh.
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brown. T^npe locality: Idaho, Clearwater

River.

Montana, south to Mexico, west to

Oregon and Washington. From near sea

level to 10,500 feet on rocky or sandy
slopes and hillsides. This species is closely

related to P. hastata Dougl. ex Lehm. and
is difficult to distinguish from it in most
cases. Therefore, only a few representative

specimens are cited. Additional work is

needed in order to determine their rela-

tionships, distribution, and taxonomic de-

limitation of subspecific taxa.

Cache County: Providence Cemetery boundary.
B. Maguire 13766 (utc). Garfield County:
Blue Spruce Camp, Aquarius Plateau, B.

Maguire 19191 (utc); Posey Lake 15 miles

N Escalante, N. Holmgren, ,1. Reveal & C.

La France 2435 (utc). Grand County: VS

mile N Warner Ranger Station, B. Maguire.
et al. 16344 (utc).

17. Phacelia howelliana Atwood
Fig. 21; Map 32

Phacelia howelliana Atwood, Rhodora 74 (800):

456. 1972.

Plants annual, 0.9-2.3 dm tall; stems

mostly branched and leafy toward the

base, glandular and hirsute; leaves

broadly oblong to oval, 2-6 cm long, 1-2.5

UTAH

Map 32. Utah distribution of Phacelia howel-
liana Atwood.

cm wide, irregularly crenate to lobed,

strigose and slightly glandular, the petiole

up to 5 cm long; inflorescence of com-
pound scorpioid cymes; pedicles up to 2

mm long; sepals linear to narrowly ob-

lanceolate, 3.5-4.5 mm long, 1-1.2 mm
wide, glandular and hirsute; corolla 5-6

mm long, 6-7 mm wide, rotate to funnel-

form, the lobes light violet to blue, the

tube white; stamens and style exserted

3-4 mm, style shorter than the stamens,

bifid 3/4 its length, lower 1/4 pubescent;

capsule oblong to subglobose, glandular

and hirsutulous, especially toward the

apex; seeds 4, brown, 3.2-4 mm long, 1.4-

1.8 mm wide, elliptical, the margins cor-

rugated, involute to flattened, ventral

surface pitted, excavated and divided by a

prominent ridge, the ridge sometimes
curved to one side and barely corrugated,

dorsal surface reddish brown, smooth
and surrounded by a lighter margin.

Known only from San Juan and Grand
counties, Utah. The species probably oc-

curs in Colorado near Moab and also in

Monument Valley in Arizona, red sandy,

gravelly or clay soils, 4,500 to 5,000 feet.

April to .Tune. Endemic to Utah.

Grand County: 13 miles N Moab, A. Holmgren
& S. Hansen 3319 (ny); Castle Valley, S.

Welsh, D. Atwood & G. Moore 9957 (bry);

Moab, A. Eastwood s.n. (ny); Arches
National Monument, G. Pyrah et al. 71

(bry). San Juan County: Bluff, D. Bright

55 (bry); Bluff. M. Jones s.n. (pom); west

of Monument Valley Hospital, D. Atwood
2511 (bry, ut, utc); .4 mile N Bluff. D.

Atwood 2454 (bry); Goulding, J. T. Howell
24687 (cAs); Canyon of the San Juan River

between Bluff and Colorado River. P. Thomp-
son s.n. (cAs) ; Cataract Canyon, E. Clover

& M. Jotter 2143a (gh).

18. Phacelia incana Brand
Fig. 22; Map 33

Phacelia incana Brand, Beil. Jahresb. Kgl.

Gj'mnas. Sorau. 8. 1911.

Plants annual, 0.5-1.5 dm tall; stems

branching from the base, and upward,
glandular and villous; leaves elliptic to

ovate, entire, 1-1.4 cm long; inflorescence

of elongate racemes, these laxly flowered

(at least below) ; sepals linear to spatulate

or oblanceolate, 3.5-6 mm long, glandular

and hirsute; corolla narrowly campanu-
late, white to pale lavender above, the

tube yellowish; stamens included, fila-

ments hairy at the base; style included,
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Fig. 21. Phacelia howclliana Atwood.

shortly hilul, pubescent; ca])sule oblong,
3-4 mm long; .seeds ca 24-35, elliptic,

ca 1 mm long, brown, pitted. Type lo-

cality: Tooele County, Utah, Dugway.
Wyoming and Idaho, south to Utah

and eastern Nevada. Cinder cones and
calcerous gravel of the Upper Sonoran
Zone. April to .June.

Beaver Couiitv: 38 miles W Milford. B. Maguire
20978 (dry, utc); Wah Wall Pass i'S milesW Milford, B. Maguire 20969 (utc). Juab
County: Fumarole Butte. Cottam Sz Mr
Millan 9638 (xn). Millard County: Tunnel
Springs, W. Coftani 8521 (ut); Ice Springs
Craters 10 miles W Fillmore, W. Cottam
and C. McMillan 9575 (iir); Black Rock
Volcano west of Kanosh, C. McMillan (ut);
2 miles S Garrison, H. Ripley & R. Barneby
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UTAH

Fig. 22. Phacelia incana Brand.

3571 (cAs); Warm Point Ridge west end
of Pine Valley. B. Maguire 20882 (bry,

UTc). Uintah County: Willow Creek south
of Ouray, N. Holmgren & J. Reveal 1897
(bry, CAS, UTC).

19. Phacelia indecora J. T. Howell
Fig. 23; Map. 34

Phacelia indecora J. T. Howell. Amer. Midi.
Natur. 29: 12. 1943.

Plants annual, 0.3-1.4 dm high; stems
erect to spreading, branched, glandular;
leaves elliptic to oblong, .4-2.6 cm long,

hirsutulous and glandular; sepals ob-

lanceolate, 3-'5 mm long; corolla narrowly
campanulate, light blue, 3-4 mm long, the

lobes pubescent, the tube pale yellow and
streaked with blue lines; capsule elliptic.

3-4 nun long; seeds ca 40. Type locality:

San Juan County, Utah. Bluff.

Known only from Wayne and San .luan

Counties, Utah. Clay soil. May to June.
Endemic, rare, and endangered.

Map 33. Utah distribution of Phacelia incana
Brand.

San Juan County: Bluff. M. Jones s.n. (cas);

Wayne County: 19 miles W Hanksville, D.
Atwood 1363 (bry, cas).

20. Phacelia integrifolia Torr. var.

integrifolia

Fig. 24; Map 35

Phacelia integrifolia Torr. var. integrifolia.

Phacelia integrifolia Torr.. Ann. Lye. New- York
2: 222, t.3. 1826.

Phacelia arenicola Brandege. Univ. Calif. Pub.
Bot. 4: 185. 1911.

Phacelia integrifolia Torr. var. arenicola (Bran-

dege) Brand, Pflanzenr. IV. 251: 82. 1913.

Plants annual or winter annual, 1.6-6

dm tall; stems erect, puberulent, finely

to densely stipitate-glandular and hirsute;

leaves simple, crenate to somewhat cleft,

oblong to ovate or lanceolate, strigose,

finely glandular and setose; inflorescence

of compound scorpioid cymes, the cymes
elongating to 2.1 cm in fruit, pedicels 1

mm long; sepals oblanceolate to elliptic,

3-4.5 mm long in flower and 4.4-6.5 mm
in fruit, 1-1.8 mm wide in flower and up
2.8 mm long in fruit; corolla campanu-
late, purplish to lavender, 5-6.5 mm long

and broad; stamens and style exserted 5-6

mm; style bifid 2/3-3/4 its length, pu-

bescent below; capsule ovoid to globose,

3.2-5.3 mm long, pubescent; mature seeds
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Map 34. Utah distribution of Phacrlia indecora

J. T. Howell.

Fig. 24. Phacelia integrifoUn Torr. var. mteg-

rifolia.

4, oblong to elliptic, dark brown to black,

3.1-4.5 mm long, 1.7-2.2 mm wide, trans-

verse ridges on the dorsal surface quite

distinct, the ventral surface lacking cor-

rugations, the ridge often curved to one

side. Type locality: on the Platte, Dr.

.Tames.

Southeastern Utah, south through

northeastern Arizona, east through nmch
of New Mexico to western Texas and
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Map 36. Utah distribution of Phacelia ivesiana

Torr. in Ives.

Wash, D. Atwood 1868 (bry); 48 miles SE
Escalante, A. Cronquist 10035 (bry); .5 mile
W Paria River Bridge along US 89, S. Welsh
& D. Atwood 9758 (bry); ca 45 miles E Glen
Canyon City on Little Valley Dugway, D. At-
wood & R. Allen 2679 (bry). Juab County:
Simpson's Spring, Cottam 7631 (ut). San
Juan County: 13 miles N Monticello, A.
Cronquist 9007 (utc); 15 miles S Blanding,
A. Holmgren 3137 (utc); 25 miles S Bland-
ing on highway 163, D. Atwood 2452 (bry);
2 miles NW Bluff, B. Maguire, 13516 (utc);
ca 21 miles S Mexican Hat, D. Atwood 2490
(bry). Uintah County: 14 miles N Bonanza,
D. Atwood 1546 (bry); 1 mile W Rainbow,
N. Holmgren et al. 1796 (bry, utc). Wash-
ington County: north of St. George, D. Gal-
way s.n. (bry); 4 miles W Hurricane, L.

Higgins 4217 (bry); Washington Black Ridge.

W. Cottam 4680 (bry); Diamond Valley, L.

Higgins 4201 (bry); Dixie State Park, L.

Higgins 872 (bry); 20 miles SE Hurricane,
A. Cronquist 10093 (bry); Beaver Dam
Mountains, L. Higgins 319 (bry). Wayne
County: southeast of Hanksville, C. Parry
s.n. (utc) ; Barrier Canyon, Welsh & Atwood
9887 (bry).

22. Phacelia linearis (Pursh) Holz.
Fig. 26; Map 37

Phacelia linearis (Pursh) Holz., Contr. U.S. Natl.

Herb. 3: 242. 1895.

Hydrophyllum lineare Pursh, Fl. Am. Sept. 134.

1814.

Eutoca menziesii R. Br., Graiidl. Journ. 764.

1823.

Fig. 26. Phacelia linearis (Pursh) Holtz.

Phacelia menziesii Torr. ex S. Wats., Bot. King
Expl. 252, 1871.

Eutoca multiflora Dougl. ex Lindl.. Bot. Reg. 14.

pi. 1180. 1828.

Eutoca menziesii R. Br. var. multiflora A. DC,
Prodi-. 9: 294. 1845.

Eutoca corificsta Dougl. ex Lehm.. Stirj). Pug. 2:

18. 1830.

Eutoca menziesii R. Br. var. congesta A. DC,
Prodr. 9: 294. 1845.
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Map 37. Utah distribution of Phacelia linearis

(Pursh) Holz.

Plants annual, 1-5 dm tall; stems erect,

mostly simple, hirsute and strigulose;

leaves linear to lanceolate, 2-7 cm long,

entire or pinnately lobed at the base, ses-

sile or nearly so; inflorescence of open
panicles, flowers many; sepals linear to

oblanceolate, 3-6 mm long; corolla

broadly campanulate, bluish purple or

white, 6-10 mm long, 8-17 mm wide; sta-

mens included or barely equaling the co-

rolla, filaments hairy; style equaling the

corolla, bifid 1/3 its length, pubescent;

capsule ovoid to oblong, 5-7 mm long;

seeds mostly 6-15, oval to oblong, 1.4-1.6

mm long, dark brown to blackish, pitted.

Type locality: "On the banks of the Mis-
souri."

Northern California, east to Utah and
Wyoming, north to British Columbia and
Alberta, May to July. Usually as under-
story of shrubs in the foothills.

Beaver County: 11.5 miles E Milford, B. Maguire
20992 (UTC). Box Elder County: south of

Honeyville, M. Burke 3099 (utc); Sink-

spring Bench. M. Burke 3097 (utc); 4 miles

S Willard, D. Galway 2184-G (bry). Cache
County: Logan Canyon, S. Flowers 753 (ut) ;

.5 mile up Spring Hollow, B. Maguire 13769
(utc). Davis County: Bountiful, W. Cottam
et al. 16094 (ut); east side of Bountiful City

Reservoir, L. Hogan 54 (bry). Juab County:
Granite Canyon, Deep Creek Mountains, B.

Maguire & R. Becraft 2751 (utc). Kane
County: vicinity of Glendale, F. Wann 35
(utc). Millard County: 9 miles E Filhnore,
G. Worthen 261 (ut). Salt Lake County: Bell
Canyon, A. Bleak 59 (ut); near Mueller
Park. D. Dunn 1787 (bry); Sandy, L Diehl
s.n. (bry); .25 mile S Parley's Canyon, R.
Vickery, Jr. 822 (ut); Big Cottonwood Can-
yon, W. Green s.n. (ut); City Creek Canyon,
J. Erskine 14026 (ut). Sevier County: Mon-
roe Canyon, K. Erdman 412 (bry). Tooele
County: south Willow Creek, Stansbury
Range, B. Maguire 21799 (bry, utc); Muir
Trail, Oquirrh Mountains. W. Cottam,
et al. 16862 (bry). Utah County: Hobble
Creek Canyon, B. Harrison 7002 (bry);
Pleasant View, B. Harrison 8344 (bry); Y
Canyon, H. Chapman 21 (bry); Thistle,

no name s.n. (ut); Springville, B. Dougall
s.n. (ut). Weber County: South Ogden Can-
yon, A. Collotzi 155 (utc); Strong Canyon,
J. Phelps s.n. (Weber); Cold Water Canyon,
W. Saxey s.n. (Weber).

23. Phacelia mammillarensis Atwood
Fig. 27; Map 38

Phacelia mammillarensis Atwood Phvtologia 26
(6): 437. 1973.

Plants annual, 0.9-5 dm tall; stems

erect or sometimes branched below, yel-

lowish or green, densely stipitate-glandu-

lar; leaves simple, oblong to lanceolate,

irregularly crenate to dentate, 1-7 cm

Map 38. Utah distribution of Phacelia mammil-
larensis Atwood.
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Fig. 27. Phacelia mammillarensis Atwood.

long, 0.5-3 cm wide, stipitate-glandular,

setose to strigulous, with sessile leaves or

nearly so; inflorescence of terminal or

lateral compound scorpioid cymes, stipi-

tate-glandular, puberulent, hirsute to his-

pid; sepals elliptic to oblanceolate, 4-6 mm
long, 1-2 mm wide, stipitate-glandular,

and hirsute to hispid; corolla tubular to

funnelform, the lobes pale blue to white,
5-8 mm long; stamens and style exserted
5-10 mm, the anthers lavender, the style

bifid ca 1/2 its length, the lower 1/4 pub-
escent; capsule subglobose, 4-5 mm long,

pubescent; seeds 4, 3 mm long, 1.5 mm
wide, brown, pitted dorsally, ventral sur-

face pitted, excavated and divided by a

prominent ridge, one side of the ridge

corrugated, margins corrugated.

Kane and Ciarfield counties, Utah, May
to June. Endemic to the Tropic Shale-

Straight Cliffs formation. Edaphically
restricted; endangered.

Kane County: Tropic Shale formation, ca 6
miles east along road to Warm Creek from
Glen Canyon City, S. Welsh & D. Atwood
9809; Kaiparowits Basin, R.42S., T.IE., B.

Olsen 43 (bry) ; Warm Creek Bench, 5

miles SE Crosby Creek Junction. B. Olsen
34 (bry); 3 miles E Glen Canyon City, D.
Atwood 2628 (bry); 7 miles E Glen Canyon
City, D. Atwood 2632. Garfield County:
Tropic Shale formation 1 mile E Henrieville,

D. Atwood 1874 (bry); ca 8 miles E Henrie-
ville along the highway 54, D. Atwood 1878
(bry).

p. mammillarensis is related to P. cor-

rugata Nels., but differs in its larger stat-

ure, having sessile leaves (at least above),

a light blue or whitish corolla, and by its

longer more densely, stipitate-glandular

pubescence. The leaves are not at all

lobed or pinnate as is typical in many
plants of P. corrugata.

24. Phacelia palmeri Torr. ex S. Wats.
Fig. 28; Map 39

Phacelia palmeri Torr. ex S. Wats.. Bot. King
Exped. 251. 1871.

Phacelia foetida Goodding, Bot. Gaz. 37: 58.

1904.

Phacelia palmeri Torr. ex S. Wats. var. foetida

(Goodding) Brand. Pflanzenr. IV. 251: 79.

1913.

Phacelia palmeri Torr. ex S. Wats. var. typica

Voss, Bull. Torr. Bot. Club 64: 90. 1937.

Phacelia integrifolia Torr. var. palmeri (Torr.

ex S. Wats.) Gray, Proc. Amer. Acad. 10:

318. 1875.

Robust biennial, 2.9 dm tall; stems
stout, usually solitary (sometimes with
few to several branches at the base),

densely glandular, hirsute and pilose and
becoming hispid with age; leaves oblong
to lanceolate, irregularly sinuate, crenate,

dentate or serrate, 2-13 cm long, 0.5-3 cm
wide, lower densely tufted, j)etiolate and
larger than the sessile, gradually reduced
cauline leaves, stipitate-glandular and
strigose; inflorescence a dense spicate

thyrsus, 0.4-4.2 dm long, individual

scorpioid cymes up to 14 cm long in fruit,

pedicels abcnit 1 nmi long in fruit; sepals

oblong to spatulate, 4-5 nmi long, 1-1.8

mm wide, glandular and hirsute; corolla

tubular, pale (whitish, lavender or violet).
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Fig. 28. Phacelia palmeri Torr. ex S. Wats.

5-7 mm long, style bifid, the unbranched
portion pubescent; capsule globose, 3.2

mm long, glandular to hirsute; mature
seeds 4, elliptic, black, 2.5 mm long, 1.5

mm wide, excavated on both sides of the

ridge, the ridge corrugated on one side,

pitted, margins corrugated, furrows or

grooves partly corrugated, dorsal surface

longitudinally pitted and transversely

ridged. Type locality: Washington Coun-
ty, Utah, southern Utah near St. George
on the Rio Virgin.

Clark County, Nevada, east to Washing-
ton and Iron counties, Utah and Mohave
County, Arizona. Moenkopi formation,

late March to August.

Iron County: Cedar Canyon, A. Garrett 6059
(ut). Washington County: 4 miles S Apex
Mine, L. Higgins 817 (bry); ca 10 miles

N St. George. D. Atwood 1690 (bry. cas, gh,

JEPS, NY, POM, RM, uc, us) ; near Shivits

Village, A. Eastwood & J. Howell 9087
(cas); Dixie State Park, L. Higgins 3441

(bry, wtsu); SW St. George, D. Atwood
1703 (bry, us, rm); southern Utah, Bishop

s.n. (pom); southern Utah near St. George.

Palmer 4 (gh, ny, gh. us); 6 miles E Hur-
ricane, D. Atwood 1404 (bry, c.as, jeps); 2

miles E St. George. D. Atwood 1425 (bry).

Map 39. Utah distribution of Phacelia palmeri
Torr. ex S. Wats.

25. Phacelia parishii A. Gray
Fig. 29; Map 40

Phacelia parishii A. Gray, Proc. Amer. Acad. 19:

88. 1883.

Phacelia salina Jones in Brand, Pflanzenr. IV.

251: 119. 1913.

Plants annual, 0.5-1.5 dm tall; stems

diffusely branched, glandular and pub-

erulent; leaves elliptic to oblong, entire

to crenate or dentate, 1-3 cm long; in-

florscence of densely flowered racemes;

sepals oblong to ovate, 3-4.5 mm long,

unequal; corolla narrowly campanulate,
lavender, the tube yellowish, 5-6 mm
long; stamens included, filaments hairy

at the base; style included, cleft ca 1/3
its length; capsule oblong to ovate, 4 mm
long, hirsutulous; seeds ca 25-43, dark

brown to blackish, 1-1.3 mm long, finely

pitted. Type locality: California, Rabbit

Springs, Mohave Desert.

Commonly on alkaline flats in the des-

erts of California and Nevada. To be ex-

pected in southwestern and western Utah.

26. Phacelia peirsoniana J. T. Howell

Fig. 30; Map 41

Phacelia peirsoniana J. T. Howell. Leafl, West.

Bot. 3: 117. 1942.
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truncate; inflorescence of laxly flowered

racemes; sepals linear to oblong or lanceo-

late, 3-4 mm long, strongl}- accrescent

and longer in fruit; corolla narrowly
campanulate, light blue or white, 5 mm
long; stamens and style included, fila-

ments hairy at the base; capsule oblong,

4-6 mm long, brown to blackish, ca 1 mm
long. Type locality: Mono County, Cali-

fornia, Little Round Valley.

California and Nevada. Calcarous
gravel and volcanic areas, May to August.
To be expected in southern Utah.

Fig. 29. Phacelia parishii A. Gray

Map 40. Distribution near Utah of Phacelia
parishii A. Gray.

Plants annual, 1-4 dm tall; stems
erect, leafy, branched above, glandular,
villous to puberulent; leaves simple, cre-

nate to dentate, 1-5 cm long; cordate to Fig. 30. Phacelia peirsoniana J. T. Howell.
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Map 41. Distribution near Utah of Phacelia

peirsoniana J. T. Howell.

27. Phacelia pulehella A. Gray
Fig. 31; Map 42

Phacelia pulchella A. Gray, Proc. Amer. Acad.

10: 326. 1875.

Phacelia pulchella f. luteola Brand, Pflanzenr. IV.

251: 117. 1913.

Phacelia pulchella f. rubella Brand, I.e.

Phacelia gooddingii Brand, Pflanzenr. IV. 251:

120. 1913.

Phacelia pulchella Gray var. gooddingii (Brand)
Howell, Leafl. West. Bot. 3: 119. 1942.

Phacelia pulchella Gray var. sabulonum Howell.
Amer. Midi. Natur. 29: 12. 1943.

Plants annual, 0.5-2 dm tall; stems erect

or ascending, diffusely branched, leafy,

Fig. 31. Phacelia pulchella A. Gray.

Map 42. Utah distribution of Phacelia pulchella

A. Gray.

finely glandular; leaves oblong to orbicu-

lar, entire or toothed to dentate, 1-2.5

cm long; inflorescence of lax, simple to

compound scorpioid cymes; sepals ob-

lanceolate, 3-7 mm long; corolla campanu-
late, purple or violet, 8-14 mm long; sta-

mens included, filaments hairy at the

base; style included, bifid at the apex and
hairy below; capsule oblong to ovoid, 3-5

mm long, hirsutulous above; seeds 28-50,

oblong to elliptic, ca 1 mm long, brown,

coarsely pitted. Type locality: Washing-
ton County, Utah, St. George.

Moencopia and Chinle formations, and
gravelly slopes in the Sonoran Zones.

April to June.

Kane County: 5 miles N Mt. Carmel Junction,

B. Maguire et al. 12301 (utc) ; 30 miles E
Kanab. D. Atwood 1533 (bry); 47 miles E
Kanab, A. Cronquist 10201 (bry); Nipple

Bench, Atwood & Allen 2809 (bry); ca 4
miles N US 89 on Cottonwood Wash road,

D. Atwood & R. Allen 1762A (bry); ca

43 miles E Glen Canyon City, D. Atwood,

S. Welsh & D. Murdock 2720A (bry). Wash-
ington County: Hurricane. F. Wann 1504

(utc); Cottonwood Creek, R. Fierisch 43

(utc); Mouth of Zion Canyon, B. Maguire
16341 (utc); Gunlock, W. Cottam s.n.

(ut); St. George, W. Cottam 7250 (ut); 6

miles E Hurricane, D. Atwood 1403 (bry);

Apex Mine, W. Cottam 4717 (bry); Rock-

ville, B. Harrison 274 (bry).
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28. Phacelia rafaelensis Atwood
Fig. 32; Map 43

Phacelia rafaelensis Atwood, Rhodora 74(800):

451-468. 1972.

Erect biennial herb, 0.8-5.4 dm tall;

stems stout, simple or sometimes branched

at the base, olive green to brownish,

glandular and hirsute; basal leaves petio-

late, dentate, crenate to pinnatifid, 2-7

cm long, 0.5-1.5 cm wide, strigose to hir-

sute, cauline leaves sessile, undulate to

crenate or dentate, oblong-lanceolate, 1-10

cm long, 0.5-3.5 cm wide, strigose to hir-

sute and sparsely stipitate-glandular; in-

florescence mainly terminal, paniculate,

some axillary, flowers nearly sessile;

sepals oblanceolate to spatulate, 3-4 mm
long in flower, 5-6 mm long in fruit, 1-1.7

mm wide, glandular and hirsute; corolla

UTAH

Fig. 32. Phacelia rafaelensis Atwood.

Map 43. Utah distribution of Phacelia rafael-

ensis Atwood.

tubular, pale and grooved with the lobes

somewhat spreading, 5-6 mm long; sta-

mens and style exserted only 3-5 mm,
anthers dull in color, style bifid 3/4 its

length, the lower half pubescent; capsule

globose, 4-5 mm long, stipitate-glandular

and hirsute; mature seeds 4, elliptic to

oblong, 3.5-4 mm long, 1.5-2 mm wide,

ventral surface alveolate, lighter than the

dorsal surface, excavated on both sides

of a prominent ridge, the ridge sometimes
corrugated along one side, the margins
usually entire, dorsal surface brown and
less deeply pitted, the surface often

smoothish. Type locality: Wayne County,

Utah, Capitol Reef National Monument.
South central and southern Utah, south

to northern Arizona. Clay hills of the

Moenkopi formation. May to June. Re-

stricted and local; possibly threatened.

Emory County: east of Ferron, W. Cottam
A5204A (ut); 2 miles S San Rafael River

Bridge, S;m Rafael Swell, T>. Atwood 1843

(bky); Moemopia formation Bucklioni Wash-
San Rafael River, S. Welsh, D. Atwixxl &
G. Moore 9819 (bry). Wasliington County:

4 miles S (.lendale, B. Mapuire et al. 4392

(UTC); Virgin Narrows. W. Cottam 1125

(ut); near Virgin, A. Eastwood & J. T.

Howell 9200 (cas); 2 miles E Hurricane,

D. Atwood 1409 (bry).
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29. Phacelia rotundijolia Torr. ex S. Wats.

Fig. 33; Map 44

Phacelia rotundijolia Torr. ex S Wats., Bot. King
Expl. 253. 1871.

Plants annual, 0.3-3 dm tall; stems

erect, hirsute and glandular; leaves ro-

tund, coarsely toothed, 0.4-2.1 cm long

and broad, petioles up to 4 cm long; in-

florescence of loosely flowered racemes,

these elongate in fruit; sepals linear to ob-

lanceolate, 3-6 mm long, ca 1 mm broad,

hirsute and glandular; corolla tubular,

pale blue, lavender or white, 4-5 mm long,

the tube yellow; stamens included, fila-

ments glabrous; style included, bifid;

capsule oblong, ca 4 mm long, finely pub-

escent; seeds over 60. less than 1 mm long,

brown, pitted. Type locality: Utah: Pal-

mer in 1870.

California, east to Utah and Arizona.

Gravelly, lava, or sandy soil of hillsides

and mountain slopes. March to June.

Kane County: 3.7 miles E Skutumpah-Alton
Junction at head of Johnston Wash, D. At-

UTAH

r-i^v-,

Fig. 33. Phacelia rotundifolia Torr. ex S. Wats.

Map 44. Utah distribution of Phacelia rotundi-

jolia Torr. ex S. Wats.

wood 1803 (bry). Washington County: west
of St. George, D. Galway s.n. (bry); 3 miles
W Shivwitts Res., L. Higgins s.n. (bry);

Virgin Narrows, W. Cottam 7284 (ut);
south of Virgin River, St. George, D. Beck
s.n. (bry).

30. Phacelia salina (A. Nels.)

J. T. Howell
Fig. 34; Map 45

Phacelia salina (A. Nels.) J. T. Howell, Leafl.

West. Bot. 4: 16. 1944.

Emmenanthe joliosa M. Jones, Zoe 4: 278. 1893.

Emmenanthe salina A. Nels., Bull. Torr. Bot. Club
25: 381. 1898.

Miltitzia joliosa (Jones) Brand. Pflanzenr. IV.

251: 131. 1913.

Plants annual, from a slender taproot;

stems several, hirsutulous and finely

glandular, these capitate; leaves elliptic

to oblanceolate, 0.5-1.7 cm long, entire to

pinnately lobed; inflorescence of laxly

flowered cymes; sepals linear to oblanceo-

late, 3-6 mm long, hirsutulous; corolla

tubular, lavender tinged, yellow, 3-4 mm
long; stamens and style included, fila-

ments glabrous, style hairy below; capsule

elliptical to ovate, 3-4 mm long; seeds 7-9,

1-2 mm long, oblong, corrugated. Type
locality: Tooele County, Utah, Deep
Creek Valley above Furber.
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Fig. 34. Phacelia salina (A. Nels.) J. T. Howell.

Southern Wyoming, south to Utah and
Nevada. Alkahne soil of desert areas. May
to June. Rare and possibly extinct.

Known from Utah only by the type

collection near Furber, Tooele County.

31. Phacelia saxicola A. Gray
Fig. 35; Map 46

Phacelia saxicola A. Gray, Proc. Amer. Acad.

20: 169. 1884.

Plants annual, 0.5-1.5 dm tall; stems

erect to ascending, glandular and hispid;

leaves oblanceolate or broader, 5-7 mm
long, entire; inflorescence of laxly

branched cymes; sepals linear to ob-

lanceolate, 3-7 mm long; corolla narrowly
campanulato, light blue, the tube white
3-4 mm long; stamens included, filaments

glabrous; style included, bifid; capsule

Map 45. Utah distribution of Phacelia salina

(A. Nels.) J. T. Howell.

UTAH

Map 46. Distribution near

saxicola A. Gray.
Utah of Phacelia

ovoid, ca ^ nun long; seeds 40-55, oval,

flattish, black, pitted to smooth, ca 0.5

mm long. Type locality: Arizona: King-

man Station.
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Fig. 35. Phacelia saxicola A. Gray.

Eastern California, east through south-

ern Nevada to northern Arizona. Com-
monly on limestone soils, April to July.

To be expected in southwestern Utah.

32. Phacelia scopulina (A. Nels.)

J. T. Howell
Fig. 36; Map 47

Phacelia scopulina (A. Nels.) J. T. Howell, Leafl.

West. Bot. 4: 16. 1944.

Emmenanthe scopulina A. Nels.. Bull. Torr. Bot.

Club 25: 380. 1898.
Miltitzia lutea (H & A.) A. DC. var. scopulina

(Nels.) Brand, Pflanzenr. IV. 251: 131.

1913.

Miltitzia scopulina (Nels.) Rydb., Bull. Torr. Bot.
Club 40: 479. 1913.

Plants annual, (3.2-1 dm tall; stems 1-

several, hirsutulous; leaves oblong to obo-
vate or oblanceolate, entire, crenate to

pinnately lobed, 1-3 cm long; inflores-

cence of densely flowered, compact cymes,
these hispid and glandular; sepals linear
to oblong or oblanceolate, 3-7 mm long;
corolla narrowly campanulate, yellow, 3-5

mm long- stamens and style included;

Fig. 36. Phacelia scopulina (A. Nels.) J. T.

Howell.

capsule oblong, pubescent, 4-6 mm long;

seeds oblong, brown, 1-2 mm long, cor-

rugated. Type locality: Sweetwater
County, Wyoming, Green River.

Montana and Wyoming, south to

western Utah and northern Nevada, west
to Oregon. Desert slopes in sandy to

gravelly soil. May to June.

Known only from Tooele County, in

Utah.

33. Phacelia sericea (Graham) A. Gray
Fig. 37; Map 48

Phacelia sericea (Graham) A. Gray, Amer.
Joum. Sci. II, 34: 254. 1862,

Eutoca sericea Graham, Bot. Mag. 56. 1829.

Plants perennial, 1-5 dm tall; stems
stout, erect, simple, with appressed silky

pubescence; leaves pinnate to pinnately

lobed, oblong in outline, subglabrate; in-
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UTAH

Map 47. Utah distribution of Phacelia scopu

Una (A. Nels.) J. T. Howell.

Map 48. Utah distribution of Phacelia sericea

(Graham) A. Gray.

florescence a thyrsoid panicle of short

cymes; sepals linear to oblong, 3-7 mm
long; corolla urceolate to campanulate, 5-8

Fig. 37. Phacelia sericea (Graham) A. Gray.

mm long, dark purple, persistent; stamens
long exserted, filaments hairy at the base;

style exserted, bifid ca 1/2 its length; cap-

sule ovoid, 4-6.5 mm long, pubescent;

seeds 20-30, oblong, 1-2 mm long, brown
to black, reticulate. Type locality: Rocky
Mountains.
Washington and Oregon, south to

northern California, east to Utah and
Colorado, north to Alberta. .Time to Sep-

tember.

Beaver County: Beaver Creek, W. Cottam 3515
(ut). Carbon County: Emma Park. R.

Hardy s.n. (ut); Schofiold Reservoir, T.

Jensen 582 (utc). Daggett County: Hicker-

son Park, E. Jensen s.n. (utc); Hoop Lake,

A. Holmgren & S. Tilbtt 94W (utc). Du-
chesne County: Moon Lake. W. Cottam 9031

(ut); head of Blind Stream, Uintah Moun-
tains, B. Harrison & A. Nisson 8838 (utc).
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Emery Countj-: Huntington Canyon, A. Gar-
rett 7037 (ut). Garfield County: Henry
Mountains, B. Maguire 19351 (utc); Cres-

cent Creek, B. Harrison et al. 7478 (utc);
east side of Henrv Mountains, W. Stanton
s.n. (bry). Grand County: Mt. Tomasky, B.

Maguire et al. 16346 (utc); Hill Creek. N.
Holmgren et al. 2317 (utc). Juab County:
Deep Creek Mountains. W. Cottam 3183
(ut). San Juan County: Abajo Peak. B. Ma-
guire & J. Redd 2046 (utc); North Vega
Creek. B. Maguire & J. Redd 2049 (utc).
Sanpete County: South Fork Manti Canyon,
N. Holmgren 235 (utc). Ephraim Canyon.
A. Plummer 201 (ut). Sevier County: Fish

Lake National Forest. B. Markham s.n.

(bhy) ; Monroe Canyon, W. Cottam 9424
(ut); Fish Lake, W. Cottam 4523 (ut);

Deep Creek Mountains. D. Lindsay 264
(ut). Summit County: Dollar Lake at base of

Gilbert Peak. D. Hobson & R. Magi 14521

(utc). Tooele County: Ibapah. W. Cottam
3183 (ut). Uintah County: Kabel Springs, D.

Atwood 1612 (bry); north slope Uintah
Mountains. B. Maguire et al. 12405 (utc).

Wasatch County: Strawberry^ Valley, Smith
& Gessel s.n. (utc); 2 miles E Soldier

Summit. B. Maguire 18398 (utc).

34. Phacelia splendens Eastw.
Fig. 38; Map 49

Phacelia splendens Eastwood, Zoe 4: 9. 1893.

Phacelia glandulosa Nutt. subsp. splendens
(Eastw.) Brand. Pflanzenr. IV. 251: 83.

1913.

Plants annual, 0.5-2.7 dm tall; stems

erect, simple or branched, leafy, puberu-

UTAH
County Lines and
river drainages

Map. 49. Distribution near Utah of Phacelia
splendens Eastwood.

Fig. 38. Phacelia splendens Eastwood.

lent and with scattered stipitate-glandu-

lar hairs; leaves pinnatifid, 2-7.5 cm long,

0.7-4 cm wide, petiolate, leaf blade es-

sentially glabrous (pubescent only on the

petiole and rachis or lower portion of the

pinnae) ; inflorescence terminal on each
branch and the main stem, cymes com-
pact and densely flowered, pedicels short

but lengthening to as much as 1.7 mm in

fruit, slightly more pubescent than the

stem; sepals linear to narrowly oblanceo-

late, 2.5-3 mm long in flower, 4-4.4 mm
long in fruit, 0.6-1 mm wide, hirsute and
with a few scattered glandular hairs; co-

rolla 4-8 mm long and broad, glabrous

to sparsely pubescent; stamens and style

exserted 7-11 nmi, the filaments blue,

anthers yellow, style bifid ca 2/3 its
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length, the undivided portions puberulent,

and glandular; capsule subglobose, 4-4.5

mm long, 3-3.5 mm long, 1.5 mm wide,

finely favose, the ventral surface exca-

vated on both sides of the ridge, the ridge

with evident corrugations on one side,

the margins more or less revolute. Type
locality: Mesa County, Colorado, Grand
Junction.

Known only from western and south-

western Colorado and northern New
Mexico. Apparently confined to the Man-
cos Shale formation, 4,500 to 6,000 feet

elevation, mid-May to mid-July.
To be expected in eastern Utah.

35. Phacelia utahensis Voss

Fig. 39; Map 50

Bull. Torr. Bot. ClubPhacelia utahensis Voss,

64: 135. 1937.

Plants stout, erect annuals, 0.8-5.8 dm
tall; stems usually simple, sometimes
branched at the base, brownish to yellow-

ish, densely glandular and finely pubes-

cent; leaves linear to narrowly lanceolate,

strigose to ciliate on the margins and wdth
scattered glands (especially the upper),
1.5-12 cm long, 0.5-1.5 cm wide, the mar-
gins often revolute, crenate, undulate to

Map
Voss.

50. Utah distribution of Phacelia utahensis

Fig. 39. Phacelia utahensis Voss.

irregularly dentate, basal ones petiolate

and dense, the upper sessile, auriculate

to cordate; inflorescence thyrsoid, up to

3.4 dm long, often with a few lateral,

leafy inflorescence branches below, stipi-

tate-glandular and finely pubescent,

cymes mostly in pairs, (or 1-3), up to 4
dm long in fruit, densely flowered, the

pedicels 1-1.5 mm long; sepals oblanceo-

late, 3-4 mm long, 0.8-1.1 mm wide,

glandular and hirsute; corolla rotate to

campanulate, the lobes bluish to violet,

the tube yellowish, ca 3-4 mm long, ca 6

mm broad, glabrous; stamens exserted

9-10 mm, filaments violet, anthers yellow;

style exserted ca 10 mm, bifid 3/4 its

length, the lower 1/4 setose and glandu-
lar; capsule globose to subglobose, 3.5-4.1

nun long, 2.6-3.5 mm wide, glandular
and setose; mature seeds 4, elliptical,

dark (reddish), the dorsal surface faintly

pitted, the ventral surface excavated on
both sides of the ridge, often lighter than
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the dorsal surface, pitted with the mark-
ings in the excavations longer (trans-

versely) than those of the ridge or mar-
gins, the ridge sometimes faintly cor-

rugated on one side. Type locality: San-

pete County, Utah, Gunnison.
Endemic to the Arapian Shale forma-

tion in Sevier and Sanpete counties, Utah;
threatened. April to June, 5,500 to 5,700

feet.

Sanpete County: clay hills west of Mayfield, D.
Atwood 1520 (bry); ca 3 miles W Mayfield.

T. Jensen 529 (utc). Sevier County: near
Glenwood. L. Ward s.n. (gh, us); southeast

of Sigurd, H. Ripley & R. Bameby 4774
(utc); 6 miles NW Richfield. D. Atwood
1893 (bry); 3 miles SE Sigurd, D. Atwood
1835 (bry); 10 mUes NW Richfield, D. At-

wood 1895 (bry); 3 miles S Vermillion. J.

Howell & G. True 44640 (bry).

36. Phacelia vallis-mortae Voss

Fig. 40; Map 51

Phacelia vallis-mortae Voss, Bull. So. Calif. Acad.
Sci. 33: 175. 1935.

Plants annual, 2-5 dm tall; stems dif-

fusely branched, weak, hispid and glandu-

lar; leaves pinnately divided, oblong, his-

pid, 3-6 cm long; inflorescence of few to

numerous, simple cymes, hispid and
glandular; sepals linear to oblanceolate.

Map 51. Utah distribution of Phacelia vallis-

mortae Voss. Fig. 40. Phacelia vallis-mortae Voss.
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3.5-6 mm long, ca 1 mm wide, heavily

hispid; corolla broadly campanulate, lav-

ender, 6-10 mm long, 8-10 mm broad;

stamens included or nearly so, filaments

glabrous; style equaling the corolla, bifid

to the middle; capsule globose, 3-4 mm
long; seeds mostly 4, ovoid, 2.5-3 mm
long, brown, pitted. Type locality: Cali-

fornia, Keene's Spring, Death Valley.

Southwestern Utah, south to Arizona
and southeastern California. Lower Sono-
ran Zone, commonly growing as under-
story. April to June.

Washington Count}-: Castlecliffs, L. Higgins 4167
(bry); ca 10 miles N St. George, D. Atwood
1692 (bry); mesa east of Hurricane, F.

Wann 1502 (utc); Beaver Dam's. D. Atwood
1435 (bry).

9. Tricardia Torr. ex S. Wats.

Tricardia Torr. ex S. Wats., Bot. King Expl. 258.

1871.

Perennial plants from a thick base;

leaves entire, mostly in a basal rosette,

long petioled; inflorescence in short ra-

cemes, corolla light purple to white,

broadly campanulate, with 10 narrow ap-

pendages near base of stamens; sepals un-
equal, becoming scarious-reticulate in

fruit; stamens included, unequal in

length, style included, bifid; capsule uni-

locular and scarious when mature; seeds

dark brown, finely alveolate, 4-8.

1. Tricardia watsonii Torr. ex S. Wats.
Fig. 41; Map 52

Tricardia watsonii Torr. ex S. Wats., Bot. King
Expl. 258. pi. 24. 1871.

Plants perennial; leaves mostly basal,

petiolate, entire, sessile; inflorescence of

terminal cymes; sepals very unequal, the
two inner narrow, the 3 outer cordate,

scarious in fruit; corolla broadly campanu-
late, purplish; stamens included, un-

Map 52. Utah distribution of Tricardia watsonii
Torr. ex S. Wats. Fig. 41 . Tricardia watsonii Torr. ex S. Wats.
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equal; style included, bifid; capsule ob-

long, unilocular; seeds 4-8, brown, finely

pitted, oblong. Type locality: Nevada,
Truckee Pass.

Washington County: mesa W Hurricane, F.

Wann. 1520 (utc); N St. George, D. Galway
s.n. (bry); Black hill W St. George, D. Hall
s.n. (bry); La Verkin ridge, W. Cottam
5637 (ut).
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Glossary

Accrescent. Enlarged in fruit.

Alveolate. Honeycombed; pits in the sur-

face of the seeds.

Auricles. Earlike appendages.
Auriculate. With earlike appendages.
Ciliate. Fringed with short hairs.

Corrugated. Wrinkled or folded.

Cymbiform. Boat shaped.

Cjrme. A determinate flower cluster in

which the first flower is terminal on the

main axis and the central flowers open
first.

Denticulate. Slightly and finely toothed.

Dimorphic. Having two forms or sizes.

Erose. Irregularly indented.

Favose. Honeycombed; pits in the sur-

face of the seeds.

Filiform. Threadlike.
Fimbriate. Fringed with elongate, slen-

der processes or lobes on the margins of

the corolla lobes.

Geminate. In pairs, as regarding the

seeds.

Glandular. A globose-secreting structure
borne on the surface and estipitate.

Glutinous. Sticky.

Gypsiferous. Containing gypsum.
Hirsute. Pubescence with stiff, coarse

hairs.

Hispid. Pubescent with long, very stiff

hairs, these able to penetrate the skin.

Hispidulous. Somewhat hispid.

Marcescent. Persistent after withering.
Mauve. Purplish pink.

Pendulous. Hanging, drooping.
Pilose. Pubescent with soft, slender hairs

pointed the same direction as if combed.
Pitted. Having little depressions or pits.

Puberulent. Pubescent with very short

hairs, not stiff.

Reflexed. More or less bent downward.
Reticulate. Net-veined.
Retrorse. Turned downward.
Revolute. Rolled backward from both

margins, toward the inside.

Scabrous. Rough to the touch owing to

the presence of short stiff hairs.

Scarious. Thin, dry, and membranace-
ous, not green.

Scorpioid. A unilateral inflorescence cir-

cinately coiled in bud and anthesis.

Setose. Pubescent with short rather stiff

hairs, these not able to penetrate the
skin.

Stipitate-glandular. A globose, stipitate,

secretary structure borne on the surface

of vegetative parts.

Strigose. Pubescent with short, straight

appressed hairs.

Terete. Cylindric, not angled.

Thyrse. A contracted panicle.

Tuberculate. Having small knoblike pro-

jections.

Undulate. With a wavy margin.
Villous. Pubescent with long and weak,

tangled but not matted hairs.
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SECOND OCCURRENCE OF THE LONCi-NOSED SNAKE,
RHINOCHEILUS LECONTEI LECONTEh IN IDAHO

George B. Pendlebury^

Abstract. A second record of tlio long-nosed snake in Idaho was taken at the entrance to Bru-

neau Dunes State Park, Owghee County.

The presence of the Long-nosed Snake,

Rhinocheilus lecontei lecontci, in Idaho

has been based on a single specimen from

Glenns Ferry, Elmore County (Klauber

1941). Medica (1975) considered this,

and a similar occurrence in Carbon Coun-

ty, Utah, as being representati^e of dis-

junct populations.

On 5 May 1972, I found an adult fe-

male R. I. lecontei that had been recently

killed on a road immediately inside the

entrance to Bruneau Dunes State Park,

Owyhee County. This locality is 37 km
(23 mi) west of the Glenns Ferry oc-

currence. The snake, which was apparent-

ly about to shed, had a total length of 656

•304 Manorn Road NE, Calgary, Alberta 'r2.\ 4U(>, Canada.

nmi and a snout-vent length of 581 mm.
A portion of skin from the mid-body was
ke])t for preservation. When found, the

snake had probably not been dead very

long, hence weather conditions at the time

(1945 hrs) were probably a good approxi-

mation to those which existed at the time

of the snake's death: air temperature

24 C. light breeze, 5/10 cloud cover.
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NEW RECORDS AND SPECIES OF TETRANYCHIDAE AND
TENUIPALPIDAE (ACARINA) FROM UTAH AND IDAHO

Donald M. Tuttlei and Edward W. Baker^

ABSTR.^CT.— Twenty-three species of spider mites (Tetranychidae) are recognized for Utah and
Idaho; tliree of these are described as new: Bryobia neoribis, Pseudobryobia knowltoni, and Schizo-
tetranychus agropyron. Eleven species of Tenuipalpidae are recorded.

Spider mites and false spider mites are
relatively well known in only a few re-

gions of the United States such as Arizona
and California where economic and native
plants have been carefully surveyed.
Therefore, it was believed opportune to

publish the following records of tetra-

nychoid mites from Utah and Idaho.
These records were compiled from nu-
merous collections made by George F.

Knowlton, Professor Emeritus of Entomol-
ogy at Utah State University, 1972-1975.
Information on species other than these
was taken from Pritchard and Baker
(1955 and 1958) and Knowlton and Ma
(1950).

A total of 24 species of Tetranychidae
were determined; Bryobia neoribis,

Pseudobryobia knowltoni, and Schizotetra-

nychus agropyron are described as new.
Eleven species of Tenuipalpidae were re-

corded.

Tetranychidae Donnadieu, 1875
Bryobia praetiosa Koch

Bryobia praetiosa Koch, 1836:8; Pritchard and
Baker. 1955:26; Wainstein, 1960:102; Tuttle
and Baker, 1968:6.

The clover mite {B. praetiosa) is one
of the most common species and occurred
as follows: Aesculus hippocastanum L.

(horse chesnut) ex duff, Logan, Utah, 15

Apr 1973 and 2 May 1974; Agropyron
desertorum (Fisch.) Schult. (crested

wheatgrass), Duck Creek Camp (Kane
Co.), Utah, 5 May 1973 and Holbrook,
Idaho, 19 Oct 1972; Agropyron smithii

Rydb. (western wheatgrass), Reese Val-
ley (Chicken Creek Canyon), Utah
(7,500 ft.), 19 May 1972; Artemisia nova
A. Nels., Logan Canyon, Utah, 2 Jul

1973; Artemisia tridentata Nutt. (big

sagebrush) ex duff, Logan, Utah, 14 Nov
1972; Chrysanthemum sp., Logan, Utah,

24 Oct 1973; Chrysothamnus nauseosus
(Pall.) Britton (rabbitbrush), Logan
Canyon, Utah, 5 Jun 1973 and Paradise,

Utah, 6 Jun 1973; Chrysothamnus sp.

ex duff, Snow^'ille, Utah, 15 Nov 1972
and Nortli Logan, Utah, 14 Nov 1972;
grasses (not determined), 10 collections

(some include duff) from Idaho and Utah,
Feb-May 1973; Juniperus sp. ex duff,

Black Pine Mt. (Curlew Valley), Idaho, 3

May 1974 and Juniper, Idaho, 15 Nov
1972; moss. Blacksmith Fork Canyon,
Utah, 30 Apr and 2 May 1973; Ribes
inerme Rydb. (gooseberry), Tony Grove
Canyon (Cache Co.), Utah, 30 Jul 1974;
and Sarcobatus vermiculatus Torr.

(greasewood) ex detritus. Wildcat Hills

(Box Elder Co.), Utah, 18 Apr 1974. It

was reported by Knowlton and Ma
(1950) in Utah on alfalfa, sweetclover,

and rabbitbrush.

Bryobia rubrioculus (Scheuten)

Sannio rubrioculus Scheuten, 1857:104.

Bryobia rubrioculus: Tuttle and Baker, 1968:7.

Collections were made from Juniperus
sp. ex duff, Black Pine (Oneida Co.),

Idaho, 3 May 1973; Lonicera sp. (honey-

suckle), Hyde Park, Utah, 16 May 1972;
Populus tremuloides Michx. ex duff,

Monte Cristo, Utah, 21 Jun 1973; Salix

sp. ex duff, Mantua, Utah, 17 May 1973;

and Sarcobatus vermiculatus Torr.

(greasewood) ex duff. Wildcat Hills

(Box Elder Co.), Utah, 18 Apr 1974.

Bryobia neoribis, n. sp.

Figs. 1-7

This species is related to Bryobia ribis

Thomas, a European species, but differs

in having more slender body setae, in

having the inner coxal I seta about twice

as long as the outer serrate seta, in having

^Agricultural Experiment Station, University of Arizona, Yuma Branch Station.

^Systematic Entomology Laboratorj-, IIBIII, Agr. Res. Serv-., USDA, Beltsville, Maryland 20705.
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Fig. 1.

female.

Bryobia neoribis, n. sp.: 1, dorsum of

24 setae rather than 16 (as illustrated by
Mathys 1957), and in having a long,

slender seta on trochanter I.

Female.-— Body oval, rounded; ros-

trum of moderate length and width. Sty-

lophore longer than wide and slightly in-

dented anteriorly; peritremes broadly an-

astomosing distally. Propodosoma with
anterior projections, inner projections

longer than outer and distinctly incised

to almost a single unit (Fig. 1). Dorsal

setae elongate, serrate; dorsum covered

with broad tuberculate ridges. Leg I

slightly longer than body; other legs

shorter; inner seta of coxa I long, slender,

outer seta short and serrate; seta of tro-

chanter slender with few serrations; femur
I with 24 setae (Fig. 2); duplex setae of

tarsi III and IV of equal length (Figs.

3-4).

Figs. 2-4. Bryobia neoribis, n. sp.: 2, femur,

trochanter, and coxa I; 3, tarsus III; 4, tarsus IV.

Figs. 5-7, Bryobia neoribis, n. sp.: 5. anterior

propodosomal projections; 6, anterior dorsal body
seta; 7, seta.
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HoLOTYPE.— Female USNM No. 3720,
ex Ribes cereum Dougl., Willard Basin,

9,300 ft. Box Elder County, Utah, 28 Aug
1975.

Paratypes.— Thirteen females with the

above data in the U.S. National Museum.
Eleven nymphs were also collected at

the same locality.

Additional collections were made from
the same host at Monte Cristo, 9,000 ft.

Rich County, Utah, 27 Aug 1975; and
Logan Canyon, Utah, 30 Aug 1975.

Pseudobryobia bakeri McGregor

Pseudobryobia bakeri McGregor. 1950:366.
Bryobia bakeri: Pritchard and Baker, 1955:19.
Pseudobryobia bakeri: Baker and Tuttle, 1972:2.

A female was collected from moss ma-
terial beneath Artemisia sp. (sagebrush),
Holbrook, Idaho, 17 May 1972.

Pseudobryobia filifoliae (Tuttle
and Baker)

Bryobia filifoliae Tuttle and Baker, 1968:10.
Pseudobryobia filifoliae. Baker and Tuttle, 1972:2.

A female of this species was collected

from duff of Artemisia tridentata Nutt.
(big sagebrush). Wildcat Hills (Box
Elder Co.), Utah, 2 Oct 1972.

Pseudobryobia knowltoni, n. sp.

Figs. 8-9

This species is similar to Pseudobryobia
curiosa Summers (1953) but differs in

having the peritremes anastomosing dis-

tally, in having the stylophore not deeply
cleft anteriorly, and in having the dorsal

body setae with many more spines than
those of curiosa.

Female.— Body broadly rounded; ros-

trum elongate; palpal femoral seta short,

lanceolate-serrate. Stylophore broadly
rounded anteriorly or only slightly indent-

ed, about as long as wide; peritremes an-

Fig. 8. Pseudobryobia knowltoni, n. sp., dor-
sum of female.

Figs. 9-10. Pseudobryobia spp.: 9, P. knowl-
toni, n. sp., stylophore, peritreme, and propodoso-
mal setae; 10, P. curiosa Summers, peritreme, and
propodosomal setae.
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astomosing distally. Propodosoma without

anterior projections; anterior propodoso-

mal setae not set on strong tubercles, inner

pair smaller than outer pair; dorsum of

propodosoma covered with small tubercles.

Hysterosoma with few transverse striae;

dorsal setae broadly clavate, longer than

wide; striae in area of D., setae either

completely transverse or longitudinal lat-

erad of setae as in curiosa; no distinct

dorsal aperture between setae D4 as in

curiosa; D4 setae same distance apart as

D3 setae. Empodium simple pad, with

single pair of tenent hairs; claws strong

and curved, each with single pair of ten-

ent hairs. Length of body 547 p., including

rostrum 667/x; width about 670ju,.

HoLOTYPE.— Female, USNM No. 3721,

from Atriplex nuttallii Wats, (salt sage)

(duff), NW Cedar Hill, Curley Valley,

Idaho, 6 Oct 1972 by G. F. Knowlton for

whom the mite is named.
Paratypes. Three females with the above

data and one female with the same data

but collected 12 Oct 1972 in the U.S. Na-
tional Museum. A single female was col-

lected from the same host at Snowville,

Utah, 12 Oct 1972.

Petrobia (Petrobia) latens (Miiller)

Acarus latens MuUer, 1776:187.

Petrobia latens: Pritchard and Baker, 1955:51;

Wainstein 1960:134.

Petrobia {Petrobia) latens: Tuttle and Baker.

1968:71.

The brown wheat mite is a common spe-

cies in Utah and Idaho occurring partic-

ularly on several grasses and other low-

growing plants: Artemisia tridentata

Nutt. (big sagebrush). Curlew Junction,

Utah, 16 Dec 1969, Wildcat Hills (Cur-

lew Valley), Utah, 17 May 1972, and
Holbrook, Idaho {ex duff), 25 May and
2 Nov 1972; Artemisia sp., Samaria,
Idaho, 2 Nov 1972; Agropyron desertorum
(Fisch.) Schult. (crested wheatgrass).

Chicken Creek Canyon (Juab Co.) and
Ephraim, Utah, 19 May 1972, Duck
Creek Camp (Kane Co.), Utah, 16 May
1973, Curlew National Grasslands (Cur-

lew Valley), Idaho, 19 Oct 1972, Hol-

brook, Idaho, 25 Mar 1972, 12 and 17

May 1972, and Woodruff (Oneida Co.),

Idaho, 2 Nov 1972 and 24 A[)r 1973;

Agropyron smithii Rydb. (western wheat-
grass). Chicken Creek Canyon (Reese Val-

ley), Utah (7,500 ft), 19 May 1972,

Hardup, Utah, 14 Apr 1973, and Ephraim
Canyon, Utah, 19 May 1972; Chrysotham-
nus viscidiflorus (Hook.) Nutt. (rabbit-

brush), Holbrook, Idaho, 17 May 1972;

Elymus canadensis L. (ryegrass), Malad,
"Ida," Idaho, 10 Apr 1973; Juniperus sp.

ex duff. Black Pine Canyon (Oneida Co.),

Idaho, 23 May 1974; and Tetradymia
canescens DC. ( horsebrush ) , Holbrook,

Idaho, 17 and 25 May 1972. Pritchard and
Baker (1955) report it from Utah and
Idaho. Knowlton and Ma (1950) recorded

it from wheat and rye in Utah.

Tenuipalpoides dorychaeta Pritchard

and Baker

Tenuipalpoides dorychaeta Pritchard and Baker,

1955:99; Tuttle and Baker, 1968:83.

This species was collected in Utah from
an unknown host by G. F. Knowlton and
Shi Chun Ma (Pritchard and Baker

1955).

Eurytetranychus admes Pritchard

and Baker

Eurytetranychus admes Pritchard and Baker,

1955:110.

This species was collected in Utah on
juniper by G. F. Knowlton (Pritchard

and Baker 1955).

Panonychus ulmi (Koch)

Tetranychus ulmi Koch. 1936:11.

Metatetranychus ulmi: Pritchard and Baker,

1955:128.
Panonychus ulmi: Wainstein, 1960:202.

Knowlton and Ma (1950) reported it

from apple, pear, plum, and poplar in

Utah.

Schizotetranychus agropyron, n. sp.

Figs. 11-14

This species is similar to Schizotetra-

nychus eremophilus McC^iregor and S.

celtidis Tuttle and Baker in having the

first three pairs of dorsocentral hystero-

somal seta shorter than the dorsolateral

setae, but differs in having a U-like strial

pattern in the dorsocentral area of the

{)ropodosoma.

Female.— Body elongate; rostrum

long, reaching base of tibia I; terminal

.sensillum about 2 times as long as broad;

peritremes gently hooked distally. Dorsal

striae of propodosoma U-shaped in central
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mm^^''^''i«i»\

Fig. 11. Schizotetranychus agropogon, n.

dorsum of female.
sp.

area and longitudinal laterally, transverse
on central area of hysterosoma and ir-

regularly longitudinal laterally. Second
pair of propodosomal setae slightly longer
than first and second pairs; first three
pairs of dorsocentral hysterosomal setae

about three-fourths as long as dorsolateral

setae and one-half as long as distance be-

tween their bases; fourth and fifth pairs

of dorsocentrals as long as dorsolaterals

L] - L4; L... one-half as long as Lj - L^;

humeral setae longer than others. All

empodial claws split and strong. Tarsus
I with slender solenidion about as long as

segment, with four tactile setae proximal
to duplex setae; tibia I with eight tactile

setae and one shorter solenidion. Tarsus
II with one dorsal proximal seta; tibia

11 with five tactile setae; genu II with five

tactile setae, femur II with seven tactile

setae. Tarsus III with dorsal solenidion

shorter than segment; tibia III with five

tactile setae; leg IV similar to leg III with
some setae longer. Striae transverse on
genital flap and area anterior to flap.

Length of body 422/i; including rostrum
460/Lt; width 250/a.

HoLOTYPE.— Female, USNM No. 3722,
ex Agropyron desertorum (Fisch.) Schutt.,

Logan Canyon, Utah, 26 Apr 1973.

Paratypes.— Two females with the
above data in the U.S. National Museum.

Schizotetranychus elymus McGregor

Schizotetranychus elymus McGregor, 1950:310;
Pritchard and Baker. 1955:254; Tuttle and
Baker, 1968:104.

This species was collected in Utah on
unknown host by G. F. Knowlton (Pritch-

ard and Baker 1955).

Platytetranychus libocedri (McGregor)

Tetranychus libocedri McGregor, 1936:771.

Eotetranychus libocedri: Tuttle and Baker. 1964:

20.

Platytetranychus libocedri: Tuttle and Baker,

1968:106.

Specimens were collected from Thuja
occidentalis L. (arborvitae), Logan, Utah,
24 Aug 1973. It was also collected by G. F.

Knowlton in Utah on juniper and cedars

(Pritchard and Baker 1955).

{ 1\

14

Figs. 12-14. Schizotetranychus agropogon, n.

sp.: 12, tarsus I; 13, tarsus II; 14, terminal seg-

ment of female palpus.
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Eotetranychus perplexus (McGregor)

Tetranychus perplexus McGregor, 1950:298.

Eotetranychus perplexus: Pritchard and Baker.

1955:175.

McGregor (1950) records this species

from Cercocarpus sp. from Idaho.

Eotetranychus uncatus Garman

Eotetranychus uncatus Garman, in Pritchard and
Baker. 1952:183; Pritchard and Baker, 1955:

183.

Pritchard and Baker (1955) record this

species on white birch, Utah.

Eotetranychus sp.

Three nymphs were collected from Ar-
temisia tridentata Nutt. (big sagebrush),

Cedar Hill (Curlew Valley), Utah, 17

May 1972.

Oligonychus (Oligonychus) ununguis
(Jacobi)

Tetranychus ununguis Jacobi, 1905:239.

Oligonychus ununguis: Tuttle and Baker. 1968:

118.

This species is a pest of conifers

throughout the world. It was collected in

Utah by G. F. Knowlton on juniper,

Crystal Springs, and arborvitae at Farm-
ington, Colorado blue spruce, Smithfield,

1933 (Knowlton and Ma 1950); red ce-

dar, Beaver, 4 Aug 1954, ornamental juni-

per, Provo, 9 May 1957, and on Pfitzer

juniper, Provo, 9 May 1957 (Pritchard

and Baker 1955).

Oligonychus (Reckiella) pratensis

(Banks)

Tetranychus pratensis Banks, 1912:97.
Paratetranychus pratensis: McGregor, 1950:350.
Oligonychus pratensis: Pritchard and Baker. 1955:

349; Tuttle and Baker, 1968:122.

This is a common species on grasses.

It was found in Utah on aspen by G. F.

Knowlton (Pritchard and Baker 1955).
Knowlton and Ma (1950) reported it on
corn at Magna, Utah and on "grass" at

Franklin, Idaho, during November.

Oligonychus {Wainsteiniella) miller

i

(McGregor)

Paratetranychus milleri McGregor. 1950:343.
Oligonychus milleri: Pritchard and Baker, 1955:

280; Tutth" and Baker, 1968:119.

Pritchard and Baker (1955) record

this species from Scots Pine, Logan, Utah.
Tetranychus (Polynychus) canadensis

(McGregor)

Septanychus canadensis McGregor, 1950:319.

Tetranychus canadensis: Pritchard and Baker,

1955:393; Tuttle and Baker, 1968:130.

Specimens were taken on Fraxinus sp.

(ash), St. George, Utah, 9 Jul 1958.

Tetranychus {Polynychus) polys

Pritchard and Baker

Tetranychus polys Pritchard and Baker, 1955:

396.

Tetranychus {Polynychus) polys: Tuttle and
Baker. 1968:131.

This species was collected on Artemisia

tridentata Nutt. (big sagebrush), Logan
Canyon, 4 Sep 1972 and Atriplex nuttallii

Wats, (salt sage). Wildcat Hills (Curlew
Valley), Utah, 17 May 1972.

Tetranychus (Armenychus) pacificus

McGregor

Tetranychus pacificus McGregor. 1919:657;

Pritchard and Baker, 1955:388; Tuttle and
Baker, 1968:131.

This species is an important pest of

agriculture in the far western areas of the

United States. Pritchard and Baker (1955)
report it from Idaho (no hosts listed)

and Knowlton and Ma (1950) list plum
and rose as hosts from Utah.

Tetranychus (Armenychus) mcdanieli

McGregor

Tetranychus mcdanieli McGregor. 1931:13;

Pritchard and Baker, 1955:386; Tuttle and
Baker. 1968:131.

This species is a pest of deciduous

fruit trees in the northwestern United

States. Pritchard and Baker (1955) and
Knowlton and Ma (1950) report it from
Utah on apple.

Tetranychus {Tetranychus) turkestani

Ugarov and Nikolski

Eotetranychus turkestani Ugarov and Nikolski,

1937:28.

Tetranychus nllanticus McGregor. 1941:26,

Pritchard and Baker. 1955:424.

Tetranychus turkestani: Baker and Pritchard,

1953:213; Wainstein. 1960:154; Tuttle and

Baker, 1968:128; Baker. 1968:1080.

This species is widespread throughout

the world and had been known in North
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America as T. atlanticus. It is more com-
mon on low-growing plants but may oc-

cur on some fruit trees. It has been found
in Utah and Idaho (Pritchard and Baker
1955). Knowlton and Ma (1950) reported

it from strawberry, alfalfa, ragweed, and
celery in Utah.

A female was collected from Thuja Oc-

cidentalis L. (arborvitae), Logan, Utah,
24 Aug 1973. The species was also col-

lected on juniper in Idaho (Pritchard and
Baker 1958). Knowlton and Ma (1950)
reported it from several evergreens in

Utah and Idaho.

Tetranychus (Tetranychus) urticae

Koch'

Tetranychus urticae Koch. 1836:10; Boudreaux
and Dosse. 1963:353.

Tetranychus telarius (Lirui.) of various authors.

Tetranychus {Tetranychus) urticae: Tuttle and
Baker, 1968:129.

These mites are found throughout the

temperate areas of the world feeding on
many hosts. It was found on Agropyron
desertorum (Fisch.) Schult. (crested

wheatgrass), Holbrook, Idaho, 25 Mar
1972 and Chrysothamnus viscidiflorus

Nutt. (rabbitbrush), Holbrook, Idaho, 17

May 1972. Pritchard and Baker (1955)
also report it in Utah and Idaho. It oc-

curs on numerous crops and plants in

Utah (Knowlton and Ma 1950).

Tenuipalpidae Berlese, 1913

Aegyptohia baptus Pritchard and Baker
Pentamerimus baptus Pritchard and Baker, 1952:

21.

Aegyptobia baptus: Pritchard and Baker. 1958:

181; Baker and Tuttle. 1964:21.

Four females were collected from Chry-
sothamnus viscidiflorus Nutt. (rabbit-

brush), Holbrook, Idaho, 17 May 1972.

Aegyptobia pseudoleptoides

(Baker and Pritchard)

Pentamerismus pseudoleptoides Baker and Pritch-

ard, 1953b: 357.

Aegyptobia pseudoleptoides: Pritchard and Baker.

1958:180.

This species is known only from Utah
on Bouteloua gracilis (H.B.K.) Lag.

(grama).

Aegyptobia aletes (Pritchard

and Baker)

Pentamerismus aletes Pritchard and Baker. 1952:9.

Aegyptobia aletes: Pritchard and Baker. 1958:183.

This species was collected from red ce-

dar in Utah (Pritchard and Baker 1952).

Pentamerismus erythreus (Ewing)
Tenuipalpus erythreus Ewing, 1917:152.

Pentamerismus erythreus: Pritchard and Baker.

1958:188; Baker and Tuttle, 1964:30.

Brevipalpus aeolus Pritchard and Baker

Brevipalpus aeolus Pritchard and Baker. 1952:32;
Baker and Tuttle, 1964:60.

A long series of males, females, and
nymphs were collected from Artemisia
ludoviciana Nutt. (sagebrush), Green Can-
yon, Utah, 2 Aug 1973.

Brevipalpus homalus Pritchard

and Baker

Brevipalpus homalus Pritchard and Baker. 1952:25;

Baker and Tuttle, 1964:54.

'Mites were collected from Artemisia
nova A. Nels. (sagebrush), Logan, Utah,
2 Jul 1973 and Monte Cristo, Utah, 21

Jun 1973.

Brevipalpus phoenicis (Geijskes)

Tenuipalpus phoenicis Geijskes, 1939:23.

Brevipalpus phoenicis: Pritchard and Baker, 1958:

233.

A female was found on Salix sp., Logan,

Utah, 4 Jul 1973.

Brevipalpus porca Pritchard and Baker

Brevipalpus porca Pritchard and Baker, 1958:208.

This species has been taken on mistletoe

on Douglas fir at Bryce Canyon, Utah.

Brevipalpus punicans Pritchard

and Baker

Brevipalpus punicans Pritchard and Baker, 1952:

24; Baker and Tuttle, 1964:38.

Twenty-seven females were taken from
Chrysothamnus viscidiflorus (Hook.)

Nutt. (rabbitbrush), Holbrook, Idaho, 17

May 1972.

Dolichotetranychus carnea (Banks)

Siteroples carnea Banks. 1906:140.

Dolichotetranychus carnea: Baker and Pritchard,

1956:361; Pritchard and Baker. 1958:251.

Dolichotetranychus carnea has been

taken on Muhlenbergia and grass in Utah

and Idaho.
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Dolichotetranychus cracens Pritchard
and Baker

Dolichotetranychus cracens Pritchard and Baker,
1958:253.

This species was found in Utah on
Bouteloua gracilis (H.B.K.) Lag.

Other Species of Tetranychoid Mites

The following species were reported by
Knowlton and Ma (1950) but have not
been verified or seen by us: Oligonychus
(Oligonychus) viridis (Banks), Eotetra-

nychus willamettei (McGregor), and
Pentamerismus nr. oregonensis McGreg-
or.
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IMPLICATIONS OF SYMBIOTIC NITROGEN FIXATION
BY DESERT PLANTS

R. B. Famsworth', E. M. Romney-, and A. Wallace-

Abstract.— There is little information available regarding symbiotic nitrogen fixation by desert
plants, particularly with respect to the group of nodulated non-legumes. Early investigations of nodules
on non-legumes were contemporary with early studies of the Leguminoseae; however, comparatively
little is known even now regarding the extent to which non-legumes fix nitrogen.

A review of literature regarding changes in concepts of nitrogen fixation by legumes and nod-
ulated non-legumes is presented.

Evidence from recent studies on nodulated non- legumes, including those in desert areas, indicates
some 31 species of 21 genera in 12 new or previously unrecognized plant families show nodulation
with implications of nitrogen fixation.

Some biological aspects of symbiotic nitrogen fixation are discussed, and reports in the literature
of nitrogen fixation in natural plant populations are reviewed.

Nitrogen fixation reactions in the desert environment are considered in terms of the areas of
investigation needed to help define (1) the magnitude of nitrogen fixation, (2) the extent of nod-
ulation in non-legume plants, and (3) factors affecting this nodulation in the desert ecosystem.

The ability to understand any phenom-
enon is often, as Goethe once wrote, "we
see onh' what we know." This apphes
very well to what is known about sym-
biotic nitrogen fixation by desert plants,

particularly for that group of plants re-

ferred to as nodulated non-legumes.
Early invesigations of root nodules on

non-leguminous Angiospermae were con-

temporary with studies on the Legum-
inosae. In fact, studies on both groups of

plants were often conducted by the same
investigators (Allen and Allen 1965). A
general lack of interest or familiarity \^dth

the non-legumes, in contrast to the inter-

est in legumes of agricultural and eco-

nomic importance, has been largely re-

sponsible for the delay in studying nod-
ulated non-legumes. Other factors con-

tributing to this delay are: (1) difficulty

in isolating the causative endophyte, (2)

difficulty encountered in bringing about
reinfection, (3) organisms or endophytes
responsible for infection not fitting into

any one specific group of organisms as

in the case of the legumes, and (4) lack

of understanding about environmental
and other conditions responsible for the

induction of infection.

Until recently little had been accom-
plished in discovering new plant families

and species or determining their role in

S3'mbiotic nitrogen fixation. Interest in the

desert plants was stimulated by the dis-

covery of nodulelike structures on the

roots of an herbaceous western sage,

Artemisia ludoviciana of the Compositae
(Farnsworth and Hammond 1968). Nod-
ules were also observed on the roots of the
desert prickly pear, Opuntia fragilis of the

Cactaceae. These observations encouraged
further study of nitrogen fixation by des-

ert vegetation. Apparent root-nodule sjTn-

biosis in two species of desert plants was
found by Wallace and Romney (1972)
and acetylene reduction, suggesting ni-

trogen fixation, in root systems of several

other species. The enzymatic activity of

root nodules of two species of the Com-
positae, Artemisia ludoviciana and A.
michauxiana, was found to reduce acet-

ylene (Farnsworth and Clawson 1972;
Clawson 1973). The above findings sug-

gest that symbiotic nitrogen fixation

may be an important process in the nitro-

gen cycle of desert ecosystems.

Historical Review
Nodulation of Legumes

Although the importance of legumes
was recognized in ancient agriculture

(Waksman 1927; Fred et al. 1932; Nut-
man 1965), their significance in the role

of symbiotic nitrogen fixation was not dis-

covered until more than two thousand
years later. The understanding of the

phenomenon of s\Tnbiotic nitrogen fix-

ation has evolved slowly, but in specific

steps, during the past nearly 400 years

'Department of Agronomy and Horticulture, Brighani Young University, Prove, Utah 84602.
-Laboratory of Nuclear Medicine and Radiation Biology, University of California, Ix)S Angeles.
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since nodules were first reported to have
been observed on certain species of the

legumes.
Waksman (1927) cites Malpighi as the

first to refer to nodules on legumes:

The presence of nodules on the roots of

leguminous plants was recorded by Mal-
pighi as early as 1687, but he as well

as others, considered them as root galls.

Burrill and Hansen (1917) cite Mal-
pighi's pa])er but do not report any of his

findings. Neither Waksman nor Burrill

and Hansen refer to an earlier paper of

Malpighi in 1679 (Fred et al. 1932), in

which he referred to the "swellings on the

roots of leguminous plants as galls caused

by insect larvae."

Fred et al. (1932) recognize Fuchs as

the first to obserAe nodules on the roots

of leguminous plants. In 1542 he pic-

tured nodules on the roots of four legumes.

They also make two rather significant

statements:

(1) The question of who first observed
nodules on the roots of leguminous plants

provokes more curiosity than can be
easily satisfied. If we are to judge from
the first published pictures of nodules
which we have been able to find, we
must give the credit to Fuchs, and (2)

Nearly a hundred years later, 1679 . . .

Malpighi referred to the swellings on
the roots of leguminous plants as galls

caused by insect larvae.

His bibliography lists 17 references to

legume nodulation from 1687 to 1860, and
389 references from 1860 to 1916. Also
listed are 63 references to nodulated non-
legumes between 1860 to 1915. Waksman
also pointed out that in 1858 Lachmann
observed that motile bacteria cause the

formation of nodules on legumes and
suggested that this might be effective in

nitrogen fixation. He also made reference

that Woronin in 1866 found bacteria in

the nodules but considered them to be
pathological outgrowths.

Fred, Baldwin, and McCoy (1932) pre-

sented a comprehensive bibliographical

study on Modulation, including many early

references not mentioned by Burrill and
Hansen or Waksman. In the preface they
refer to "three major attempts to review
the more important paj)ers on root nodule
bacteria" as (Ij 1889-1890 by Frank,

(2) 1894-1903 by McDougal and Schnei-

der, and (3) 1911 by Smith. They also

state:

Many scientific papers have appeared
since then treating in detail various
phases of the root nodule problem; yet
not one of them fully covers the subject.

A major breakthrough in symbiotic
nitrogen fixation came in 1884-1886 when
Hellriegel, Wilfarth, and Atwater (Waks-
man 1927; Burrill and Hansen 1932)
demonstrated that nodules on legumes
were caused by a bacterial organism and
that it was within these nodules that the
bacteria fix atmospheric nitrogen. The
causative organism was isolated in pure
culture by Beijerinck in 1888 and named
by him as Bacillus radicicola but later

changed to Rhizobium leguminosarum
(Waksman 1927).

Table 1 is a summary of the main peri-

ods of investigation and concepts of nod-
ulation of legumes.

By 1890 the significance of nitrogen

fixation in leguminous plants had been
firmly established. The application of this

phenomenon to agriculture proved to be
of such economic importance that interest

in this area far overshadowed the study

of nodulated non-legumes. Investigation

of the phenomenon in non-legumes was
virtually discontinued for approximately
60 years.

Nodulated Non-legumes

The unusual nodules on the roots of

the alder, Alnus glutinosa, Betulaceae, at-

tracted the attention of Meven as early

as 1829 and of Woronin in 1866 (Fred

et al. 1932). Nodulation of alder was also

reported by Von Jager in 1860 (Fred

et al. 1932) but he, as did many early

workers on nodulated legumes, suggested

that they were insect galls.

By early 1897 nodulation had been re-

j)orted on many species of four additional

plant families, including the Elaeagnaceae
in 1876 by Warming, Myricaceae in 1886
by Brunchorst, Rhamnaceae in 1890 by
Beal, and the Casuarinaceae in 1897 by
Janse (Fred et al. 1932). This brought to

five the number of plant families of nod-

ulated non-legiunes recognized prior to

1900.

These non-leguminous plants were pre-

dominantly forest trees and otlier woody
plants of much less economic importance
than legumes. The fact that nodulation

was reported in only one new plant

family, Coriariaceae, during the next 50
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Table 1. Major periods of nodule investigation and concepts regarding formation and function.

Period I Reference

1556
1586

1679

Ancient agriculture

B.C. to scientific agriculture

Legumes "invigorate" and "manure"
Soil

Period II

Nodules reported on legumes

1542 Fuchs pictured nodules on
four species of legumes
Bock pictured nodulation
Dalechanipes reported outgrowths
as "tubercles" but normal
outgrowths
Malpighi—galls caused by
insect lar\'ae

1687 Malpighi—root galls

Period III

Concept of nitrogen fixation

1858 Lachman observed motile

bacteria; normal outgrowths
for storage suggested nitrogen
fi.xation

1866 Woronin observed bacteria but

considered nodules pathological

1879 Frank demonstrated nodules
caused by outside infection

of bacteria

1 886 Hellriegel-Wilfarth-Atwater
demonstrated nitrogen fi.xation

1888 Beijerinck isolated causative

organism in pure culture

Period IV
Twentieth century research

Waksman 1927
Fred et al. 1932
Nutman 1965

Fred et al. 1932
Fred et al. 1932

Fred et al. 1932

Fred et al. 1932
Waksman 1927

Waksman 1927

Waksman 1927

Waksman 1927
Waksman 1927
Fred et al. 1932
Waksman 1927
Fredet al. 1932

years is evidence that interest in this

group of plants had greatly diminished.

In 1930 Katoaka reported nodules on the

roots of Coriaria japonica (Fred et al.

1932). Evidence of the occurrence of

nodules on many different species of the

six known families was reported during
this period.

The literature contained conflicting re-

ports relative to the endophyte or causa-

tive agent of the nodulation of non-le-

guminous plants. In an attempt to re-

solve some of these conflicts, the work
of Hawker and Fra^inouth (1951) was
undertaken. Their work stimulated a re-

newed interest, almost worldwide, in the

nodulated non-legumes as important con-

tributors of nitrogen to different ecosys-

tems. Some extent of this interest is shown
in reviews bv Allen and Allen (1958,

1965), Becking (1970). Bond (1958,

1963), Silver (1971), and Stewart (1966,

1967). Bond and co-workers in Glasgow
are to be complimented for their lead in

physiological studies of nodulated non-

legume plants and their present involve-

ment in a compilation of current infor-

mation worldwide on this group of plants.

Between 1951 and 1965 two new
plant families were added to the list. The
first was Rosaceae, after the observation

of nodules on the roots of Dryas drum-
mondii by Lawrence in 1953 (Bond 1963)

and by Crocker and Major in 1955 (Al-

len and Allen 1965). In 1964 Allen and
Allen found nodules on Arctostaphylos

uva-ursi of the Ericaceae (Allen and Al-

len 1965).

By 1971 more than 200 species in 13

genera of eight non-leguminous plant

families were recognized to nodulate

(Table 2). To this list Famsworth and
Hammond (1968) added Compositae and
Cactaceae (Youngberg and Wolliun II

1970).
We also note that Beijerinck in his

work in 1888 reported nodules on the

roots of two species of Scrophulariaceae,
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Table 2. Families and genera (with some species^) of Angiospermae recognized as nodulated non-
legumes as combined from several reviews and references.

Family / Species^ Incidence- Early investigators References^

Betulaceao
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(Scrophulariaceae); Lomatium triter-

natum (Umbelliferae) ; and Viola prae-
inorsa (Violaceae).

Trinick (1973) found nodules on the
roots of Trema aspera of the family
Ulmaceae, and he successfully isolated a

bacterial organism which effectively

cross-inoculated 4 of 19 species of legumes
investigated. This particular endophyte is

reported to satisfy the criteria necessary
to classify it as a Rhizohium sp. This work
by Trinick marks the second time an endo-
phytic organism has been demonstrated to

cross-inoculate between legumes and a

non-leguminous plant, the first being re-

ported by Mostafa and Mahmoud (1951).

These findings help answer the question
raised by Burrill and Hansen (1917): Is

symbiosis possible between legume bac-
teria and non-legume plants? Their work,
though unsuccessful, was a continuation of

Schneider's work in 1893, which at-

tempted to develop a symbiosis between
legume bacteria and non-leguminous
plants. The great hope was to inoculate
cereals and grasses (Gramineae). The fol-

lowing quotes were made by Burrill

when introducing the work of Schneider
in 1893 (Burrill and Hansen 1917):

Can the organisms be made to grow
upon these roots (grasses or cereals) by
artificial means?

It must be confessed that it would have
been exceedingly hazardous for anyone
to have expressed an affii-mative opinion
upon this question; but the vast impor-
tance of the matter nuide it desirable to

try anything which gave the least prom-
ise of success . . . while little direct evi-

dence has been gained in favor of ulti-

mate success, it is desirable to publish
an account of tlie work so far done, with
the hope of being able at some future
time to add greatly to the information
now obtained.

The translation into English of the
work of Mishustin and Shil'nikova (1968)
has brought to our attention the fact that
several plant species among the Grami-
neae show nodulation. Included are the
meadow foxtail, Alopecurus pratensis.

Kentucky bluegrass, Poa pratcnsis, and
Siberian lymegrass, Clirw/yrrius sihiricus

and C. ventricosus.

Table 3 is a list of the families and
genera of nodulated non-legumes reported
in the literature since 1965 or previously
reported but not generally recognized.

Vol. 36, No. 1

Biological Aspects of Symbiotic
Nitrogen Fix.\tion

Since the world population explosion

has increased the demand for high pro-

tein food, mankind must increase bio-

logical nitrogen fixation by both legumes
and non-legume nitrogen-fixing plants in

order to produce the needed quantity and
quality of food. There is an immediate
need to induce agriculturally important
legumes to fix nitrogen more efficiently.

Another need is to find other nitrogen-

fixing plants, which can be developed as

cultivars, and learn how they fix atmo-
spheric nitrogen and contribute to soil

fertility.

An extensive literature has developed
on the nitrogen-fixing legumes, centered

around about 200 species commonly used
ill agriculture, which contribute from 100
to 200 kilograms of nitrogen per hectare

per year (Allen and Allen 1958). Work
also has been reported on some non-
leguminous plants which have the capacity

to fix significant amounts of nitrogen.

Significant findings in this area have been
reviewed by: Fred et al. 1932; Wilson
1940; White et al. 1953; Allen and Allen
1958; Nutman and Mosse 1963; Bartholo-

mew and Clark 1965; Stewart 1966; Bond
1963, 1967; Mishustin and Shil'nikova

1968; Becking 1970; Lie and Mulder 1971;
Postgate 1971.

Legume Symbiosis

More than 12,000 species of legumes
are distributed throughout nonagricul-
tural soils. Many are shrubs and trees not
yet examined for root nodules or the ca-

pacity to fix atmospheric nitrogen. Inas-

much as nearly 90 percent of the legumes
so far examined are nodule-bearing, there
is reason to suspect that many more spe-

cies also fix nitrogen and contribute to

soil fertility (Allen and Allen 1958).
Donald (1960) has estimated that some

10^ tons of atmospheric nitrogen are fixed

worldwide aniuially and that most of it

comes from symbiotic fixation by legumes
growing in natural and cultivated as-

sociations. Nutman (1965) listed the fol-

lowing estimates of nitrogen fixed in

kg/ha per crop (compiled from data of

Spector and Seeger): alfalfa, 50-350;
clovers, 50-200; peas, 30-140; peanuts,
88; |)astures with legumes, 10-550. The
amounts fixed by individual plants are
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Table 3. Families and genera of nodulated non-leguminous Angiospermae reported since 1965 as

being nodulated, or previously reported^ but not generally recognized.-

Family/Species Early investigators References

Scrophulariacea
Melampyrum pratense

Rhinanthus major
Castilleja chromosa

Zygophyllaceae
Tribulus terrestris

Zygophyllum album
Zygophyllum. coccineum

Zygophyllum decumbens
Zygophyllum. simplex

Fagonia arabica

Tribulus alatus

Tribulus cistoides

Fagonia cretica

Rubiaceae
Coffea rubusta

Coffea klainii

Gramineae
Alopecurus pratensis

Poa pratensis

Clinelymus sibiricus

Clinelymus ventricosus

Cruciferae
Brassica

Raphanus
Compositae

Artemisia ludoviciana
Artemisia michauxiana

Chrysothamnus viscidijlorus

Artemisia tridentata

Cactaceae
Opuntia fragilis

Opuntia polyacantha
Boriaginaceae
Mertensia brevistyla

Krameriaceae
Krameria parvifolia

Umbelliferae
Lomatium triternatum

Violiaceae

Violia praemorsa

Ulmaceae
Trema aspera

1888 Beijerinck

1888 Beijerinck

1972 Farnsworth &
Clawson

1913 Isachenko

1952 Montasir&
Sidrack

1972 Athar and Mahmoud
1946 Sabet
1946 Sabet
1952 Montasir &

Sidrack
1946 Sabet
1946 Sabet
1972 Athar & Mahmoud
1946 Sabet

1946 Sabet

1949 Allen & Allen

1972 Athar & Mahmoud

1932 Steyaert

1932 Steyaert

1938 Nogtev
1939 Mudrova
1958 Savel'ev et al.

1958 Savel'ev et al.

1958 Savel'ev et al.

1959 Schwartz
1959 Schwartz

1967 Farnsworth
1972 Farnsworth &

Clawson
1972 Farnsworth &

Clawson
1972 Wallace & Romney

1968 Farnsworth &
Hammond

1969 Stutz

1972 Farnsworth &
Clawson

Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)
Clawson (1972; 1973)

Lange (1966); Mishustin & Shil'

nikova (1968)
Lange (1966); Mishustin & Shil'

nikova (1968)
Athar & Mahmoud (1972)
Sabet (1946)
Sabet (1946); Mostafa & Mahmoud (1951)
Lange (1966); Mishustin & Shil'

nikova (1968)
Sabet (1946)
Sabet (1946); Athar & Mahmoud (1972)

Sabet (1946); Lange (1966); Mostafa &
Mahmoud (1951)

Sabet (1946); Lange (1966); Mostafa &
Mahmoud (1951)

Allen & Allen (1950) ; Mishustin &
Shil'nikova (1968)

Athar & Malmioud (1972)

Lange (1966); Mishustin & Shil'

nikova (1968)
Lange (1966); Mishustin & Shil'

nikova (1968)

Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)

Mishustin & Shil'nikova (1968)
Mishustin & Shil'nikova (1968)

Farnsworth & Hammond (1968)
Clawson & Farnsworth ( 1 972)

;

Clawson (1973)
Clawson & Farnsworth (1972);

Clawson (1973)
Wallace & Romney (1972)

Farnsworth & Hammond (1968)

Stutz (1969)

Clawson & Farnsworth (1972);
Clawson (1973)

1972 Wallace & Romney Wallace & Romney (1972)

1972 Famworth &
Clawson

1972 Farnsworth &
Clawson

1973 Trinick

Clawson & Farnsworth ( 1 972)

;

Clawson (1973)

Clawson & Farnsworth (1972);
Clawson (1973)

Trinick (1973)

^Listed in chronological order in relation to when a species of each family and genus was first reported.

^There are still differences of opinion as to whether or not the swellings (nodular growths) on the roots of some of these

plants are nodules in the true sense of structure and effectiveness in symbiotic nitrogen fixation. Nodulation has been ob-

served, but the role in specific symbiotic nitrogen fi.xation of several of these has not yet been shown.
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affected by several factors, including the

environment, but an effectively nodulated

legume can provide itself with all the

nitrogen it needs, even when soil nitrogen

is deficient. Such also may be the case for

nodulated non-legumes in view of find-

ings of MacConnell and Bond (1957) that

maximum rates of fixation per unit

volume of nodule tissue are similar to

those of legumes.

After the legume host dies, the fixed

nitrogen becomes available to other plants

through decomposition and mineralization

processes. Thus, crops in rotation benefit

markedly from root nodule symbiosis in

agricultural practice. In natural environ-

ments non-legumes may receive immedi-
ate benefit from legumes growing in close

association with them. Even under harsh

desert conditions, some species of legumes
commonly grow as understory plants,

providing nitrogen to non-leguminous
trees and shrubs. Wilson (1940) showed
evidence that roots of living legumes may
excrete appreciable amounts of nitrogen

under certain conditions.

The bacteria of all legume nodules are

aerobic, gram-negative, non-spore forming
rods of the genus Rhizobium, which
usually have simple nutritional require-

ments. These nodule bacteria can live

freely in soil in the absence of a host

plant but, as typical rhizosphere organ-

isms, they are markedly stimulated by
plant roots, particularly legumes (Nutman
1965). Bacterial partners of the genus
Rhizobium were first classified by Fred,

Baldwin, and McCoy (1932) into con-

venient cross-inoculation groups on the

basis that members of each group induce
nodulation only on certain genera of le-

gumes, and none other. The bacteria ap-

pear to show no absolute correlation be-

tween nodulation specificity or cultural

features; therefore, the only way to deter-

mine the species of an isolate is to inocu-

late a range of leguminous plants.

Nutman (1965) pointed out that the
strains of bacteria involved in symbiosis
can be distinguished by the number of

species of plants which each can infect.

The six main c ross-inoculation groups are

Rhizobium trifohi, R. mrliloti, R. Icgumi-
nosarum, R. phascoli, R. lupini, and R.

japonicum. The clover group nodulated
by R. trifolii consists only of species of the
genus lyifoh'um; the medic (/?. meliloti)

of Medicago, Melilotus and Trigonella;
the pea group of Pisum, Vicia, Lathyrus
and Lens; the bean group of some Phaseo-
lus species; the lupin group of Lupinus and
Ornithopus. By contrast the cowpea group
contains hundreds of host genera from the

Phaseoleae and Genisteae. Some plant
tribes have species in more than one cross-

inoculation group, and the genus Phaseo-
lus has species in both the bean and cow-
pea groups. The plant species in each
group can be further classified into sub-

groups on the basis of their nodulation
with individual collections of bacterial

strains, but these conditions are not with-

in the scope of this discussion.

Inasmuch as microorganisms living in

association with plants can fix atmo-
spheric nitrogen, it has long been assumed
that the bacteroids in the nodule fix the

nitrogen, which then passes on to the host

plant, and that the special conditions in

the nodule stimulate the bacteroids to per-

form reactions which they are incapable

of doing alone. Symbiotic nitrogen fixa-

tion therefore requires certain structures

or functions, characteristic of the intact

nodule attached to the whole plant, and
for which no substitute has yet been found
(Nutman 1965). Fixation by excised nod-
ules, or whole excised roots bearing nod-
ules, stops within a few hours after ex-

cision (Aprison and Burris 1952; Magee
and Burris 1954).

Legumes growing in association with
other plant species in the desert environ-

ment have a beneficial function in sup-

plying soil nitrogen. Many are annual
species which probably are somewhat
limited in performing this function due to

the shortness of growth season. Inasmuch
as the extent of their function in this kind
of ecosystem is largely unknown, there is

need for additional work to investigate

their contribution to maintaining the ni-

trogen balance in desert soils.

Non-legume Symbiosis

As indicated previously, there has been
an increased interest in the symbiotic ni-

trogen fixation of the non-leguminous
})lants since 1951. Nodules or nodulelike

formations on the roots of non-legumes
occur in both angiosperms and gymno-
sperms. Among the angiosperms, nodules
are attached mostly on dicotyledons but
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they have also been reported on some
monocotyledons. In most cases nodules

form on the roots but are sometimes found

on the leaves of herbaceous ])lants.

Nitrogen fixation in Gymnosperms.
—Root nodules of gynniosperms are found
in representati^ es of the orders Cycadales

and Coniferales. The order Cycadales has

one family, Cvcadaceae, which includes

nine genera; root swellings are found on
the roots of some 90 species belonging to

eight of these genera (Allen and Allen

1965). The Aliens report that or-

ganisms causing nodules to form in this

family are blue-green algae. The nature of

the agent and the function of the nodules

in the Cycadaceae has not been estab-

lished; but tliere is clear evidence of ni-

trogen fixation (Douin 1954; Bond 1959;
Bergersen et al. 1965). The microbial part-

ner occurs in a distinct air space in the

nodule cortex of such cycads as Macro-
zamia and Enccphalartos (Stewart 1967).
Among the 1 1 genera of the Coniferales

known to contain root nodules, the most
studied is the genus Podocarpus. Nodules
are found in 26 species of this genus
(Mishustin and Shil'nikova 1968). The
agent of nodule formation is unknown
but the symbiont occurs intracellularly

in the cortex. Most investigators have ob-

served fungal hyphae in the nodides of

Podocarpus and Becking (1965) identified

them as Phycomycetes. Although it ap-

pears that the Podocarpus s;yTnbiont is a

fungus. Silver (1971) advanced the sup-

})osition of more than one type of sym-
biotic association. Casuarina has been re-

ported to contain mycorrhiza as well as

the more familiar actinomycetous root

nodules (Silver 1971), and Morrison and
English (1967) have described two micro-
symbionts in Agathis australis. So far suf-

ficient work has not been done to show
the importance of nodules to the podo-
carjis. The nodules have been reported to

fix atmospheric nitrogen; however, there

have been reports also of no fixation or

of only very moderate fixation (Bond
1959; Bergerson and Costin 1964; and
Becking 1965).

Nitrogen fix.'\tion in Angiosperms.—
There are 13 genera of eight families

of Angiosperms shown and recognized be-

fore 1965 to possess root nodules capable
of nitrogen fixation (Lange 1966; Bond

1967) (Table 2). All are dicotyledonous

woody trees and shrubs. The nodulated

genera and the ratio of species bearing

nochdes to the known species of each
genus from the ada])tion by Silver (1971)
are also listed in Table 2. Ecologically

these woodv perennials are characteristic

pioneer plants of areas low in combined
soil nitrogen. Nodules occur laterally on
the roots as perennial-coralloid masses
ranging from a few millimeters to several

centimeters in diameter (Stewart 1967).

Bond (1963) described long-term experi-

ments comj)aring the ability to accumu-
late nitrogen by nodulated and nodule-

free plants. In all cases nodulated plants

grew well and, in rapidly growing spe-

cies such as Alnus glutinosa, as much as

300 miUigrams of nitrogen per plant ac-

cunudated in the first season of growth
from seed. After exhausting seed nitrogen,

the nodule-free plants made essentially

no further growth. Bond further pointed

out the existence of an irrefutable body
of existence supporting claims of nitrogen

fixation associated with several species of

nodulated non-legumes.

The nature of the endophyte involved

can be inferred from indirect evidence in

spite of the failure of attempts to isolate

pure cultures. Reports of early investi-

gators indicated the probable involvement
of either fungi or bacteria, or both, but

this generally has not been supported by
more recent studies. Silver (1971) pointed

out that both light microscopy and elec-

tron micrographs of infected roots of

Myrica gale (Fletcher 1955), Myrica
cerifera (Silver 1964), and Alnus gluti-

nosa (Becking et al. 1964) reveal fila-

mentous structures characteristic of actino-

mycetes. The best evidence that the endo-

phyte is an actinomycete is the morphol-
ogy work in situ of Becking (1970) who
noted three morphological forms of the

endophyte: 0.5, /im hyphae, larger (3-4,

l^iva) vesicles, and 0.5-1.0 /xm bacterialike

cells which packed the host cell. Since the

hyphae contained mesosomes and lacked

a nuclear membrane, the endophyte
cannot be fungal. Bond (1963) indicated

that the basic physiology of the nodule is

similar to that of legumes; however, de-

tached nodules fixed nitrogen consider-

ably longer than did legume nodules, sug-

gesting the possibility that certain non-

legume endoph}'tes might fix nitrogen in
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the free state. Allen and Allen (1965)
concluded that non-legumes have the ca-
pacity to contribute as much nitrogen in
proportion to soils in which they grow as
do legumes.

Several lines of evidence indicate that
root nodules on non-legumes are sites of

nitrogen fixation: (1) the high nitrogen
contents of nodules compared to roots

and shoots of host plants, (2) the inability
of non-nodulated tissue to fix nitrogen,
and (3) the distribution of "N following
exposure of the root system to an ^^N-
enriched atmosphere (Silver 1971). The
work of Bond (1958) showed that, in all

species studied, the ^-'N enrichment was
greater in root nodules than in roots or
shoots. Alnus nodule tissue was more than
eight times as enriched as was root tissue.

The lack of activity in denodulated plants
and the high activity in excised nodules
attests to the nodule being the site of sym-
biotic fixation.

ElcoLOGicAL Implications

Natural Plant Populations That
Fix Nitrogen

Crocker and Major (1955) noted the
abundance of nitrogen-fixing Alnus in
recently deglaciated areas in Glacier Bay,
Alaska, and described their ecological
importance in plant succession and soil

formation. One important feature was the
acidifying effect of the alder in lowering
the surface soil pH from 8.0 to 5.0 within
a period of about 35 years. Similar eco-

logical indications led to tests with Shep-
herdia, another nodulated angiosperm of
this area which fixes nitrogen. In these
associations they estimated a mean annual
rate of nitrogen accumulation of about 60
kg per hectare.

Lawrence (1958) and Lawrence et al.

(1967) rejjorted the presence of fleshy,

coral loid structures similar in appearance
to the nodules of Alnus sj)ecies on jilants

of Dryas drummondii, D. octopctala, and
D. inte^rifolia growing in recently de-
glaciated areas at Glacier Bay. It was ob-

served that, after many years of growth,
these plants pnxkued cHsc-shapod mats
as large as six meters in diameter which
appeared as green islands in a yellow ma-
trix of nitrogen deficient, non-nodulated
species.

The work in Canada by Daly (1966)
indicated that soil nitrogen mav be in-

creased at rates in excess of 160 kg per
hectare per year under Alnus rugosa.
Zavitkovski and Newlon (1968) con-
ducted studies which led to estimates that
nitrogen fixation rates of as much as 100
kg per hectare per year could be expected
from alders during optimal conditions in

the field. Since the typical location for

many Alnus species is along the margins
of rivers and lakes. Bond (1967) pointed
out the possibilities of substantial contri-

butions of fixed nitrogen to the water.

Goldman (1961) investigated nitrogen
sources for a lake in California fringed on
one side by nodulated trees of Alnus tenui-

folia. Analysis of soil and water samples
at various points around the lake shore

disclosed that the alders were an impor-
tant source of nitrogen to the lake eco-

system.

A study by Dommergues (1963) of sand
dunes at Cape Verde planted with Casua-
rina equisetifolia showed an accumulation
of some 58 kg of nitrogen per hectare an-

nually in planted areas. Stewart and
Pearson (1967) studied the growth of

Hippophae rhamnoides on dunes on the

English coast. In addition to ^"^N tests

which showed active s;yTnbiosis, soil and
plant analysis indicated total nitrogen ac-

cretions of up to 180 kg per hectare per

year. Ruth Gadfill (1971) recently re-

ported findings indicating potential bene-

fits of Lupinus arboreus as a nitrogen

source for young Pinus radiota trees in

coastal sand dune forestry areas in New
Zealand.

The findings from Schrannn's (1966)
studies of revegetation on anthracite waste
spoils in Pennsylvania disclosed that

Comptonia pcregrina {Myrica asplcni-

folia) was an excellent colonizer species

under conditions where nitrogen defi-

ciency in soil was a deterrent to plant

growth. This is attributable to nitrogen

fixation from these nodulated ])lants. Al-

nus glutinosa also grew successfully on

these sites. Detached root nodules from
the field showed strong evidence of nitro-

gen fixation in labelled nitrogen tests

conducted by Sloger and Silver (1965).

Acetylene reduction assays of nodular

tissue of a single Myrica ccrifcra plant

in the field in Florida soil indicated a

minimal fixation of about 3 kg of nitro-

gen per hectare })er year (Silver and
Mague 1970).
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Ceanothus species were deinonstrated

by Delwiche, Zinke, and Johnson (1965),
through labelled nitrogen studies, to fix

nitrogen. The rates obtained ranged from
10 to 212 mmoles per hour per gram fresh

weight in 12 different species. Tomato
plants grown in soil which had previously

supported Ceanothus Icucodermis were
shown by Green to have about twice the

nitrogen content of tomatoes grown in con-

trol soil (Hellmers and Kelleher 1959).
In nitrogen deficient California soils,

Vlamis, Schultz, and Biswell (1958) re-

ported that C. intcgcrririms grew just as

well as other plants which had been fer-

tilized with supplemental nitrogen.

The reports of nodules on roots of

Gramineae plants and subsequent work
b}' Russian investigators is of ecological

significance (Mishustin and Shil'nikova

1968). The species reported by them
which ha^e been observed to form nodules
and give indications of nitrogen fixation

are shown in Table 3. In southern Nevada,
Wallace and Romney (1972) found an
indication of nitrogen fixation by the in-

troduced grass Bromus rubens using the

acetylene reduction survey method. This
annual grass is commonly found as an
understory plant of shrub clumps. Dobe-
reiner and associates (1972) reported ex-

tensive nitrogenase activity in the rhizo-

sphere of sugarcane and some other tropi-

cal grasses but do not report any nodu-
lation of these plants.

In Utah (Famsworth and Hammond
1968; Clawson and Farnsworth 1972;
Farnsworth et al. 1972; Clawson 1973)
apparent nodulation has been observed
and nitrogenase activity measured,
through acetylene reduction, in Artemisia
ludoviciana and A. michauxiana. Ap-
parent nodulation was also reported on

Table 4. Production of ethylene acetylene by
various root nodule samples.

Sample
type

Nanamols ethy-

lene/mg fr wt
nodule/day

*Mg fr wt
nodule/sam-

ple

Alfalfa
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Frischknecht (1963) found that forage
production of crested wheatgrass when
seeded directly in land covered with
growth of rabbitbrush (Chrysothamnus
nauseosus) was almost as high as when
the rabbitbrush was removed just shortly

before seeding. Production was also much
greater than when the crested wheatgrass
was seeded on land from which the rab-

bitbrush had been removed for quite

some time. Some of the results of his study
are shown in Table 6.

These data suggest that much is to be
learned of the desert ecosystem and that

further research of possible nitrogen fixa-

tion by desert plants is needed.
In a survey of desert plants in southern

Nevada, Wallace and Romney (1972)
examined some 30 different species for

detection of nitrogen fixation by the acet-

ylene reduction method. Several different

species gave positive reactions to the acet-

ylene reduction test, during moist spring
months, which ceased after the soil was
depleted of seasonal moisture with the
onset of hot summer weather. Included
were: Artemisia spinescens, A. tridentata,

Hymenoclea salsola and Tetradymia ca-

nescens of the Compositae; Colegyne
ramosissima of the Rosaceae; Brornus
rubens of the Gramineae; and Krameria
parvifolia of the Krameriaceae. Three
legumes, Lupinus argenteus, Dalea fre-

montii, and Astragalus lentiginosus, gave
positive tests as did lichen samples which
were not identified. Although results of

this type are qualitative in nature, they
serve to indicate associations suspected
of some form of symbiosis. Additional
studies will be necessary to investigate

root nodule potential, causative endophyte
involved, and the i)ossibility of symbiotic
or freeliving systems involved in the re-

actions. Certainly under desert conditions

the seasonal variation in moisture and

Tabi-e 6. Forago production of crested wheat-
grass when grown on land areas occupied with
rabbitbrush {Chrysothamnus nauseosus).

Seeding sequence for
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for some loss of soil nitrogen, yet that

which is lost by run-off at one site may
be compensated by run-in from another

site.

Leguminous species are common to some
large desert areas, such as those inhabited

by mesquite shrubs {Prosopis sp.). Astra-

galus or Lupinus in association with sage-

brush and grasses, but there are vast areas

which are virtually devoid of leguminous
shrubs. Annual legumes are prevalent in

many desert areas during years of favor-

able moisture; however, the extent of ni-

trogen input during their few weeks of

vegetative growth is not known. Perennial

herbaceous legumes probably contribute

much more, but they are not generally of

widespread distribution. Shrub associations

in Mojave Desert areas contain low den-

sities of leguminous shrubs (Wallace and
Romney 1972; Romney et al. 1973).

Much has been implied in this paper
about host plant symbiotic nitrogen fixa-

tion as the source of soil nitrogen. Environ-
mental conditions of the desert ecosystem,
however, generally disfavor the wide-
spread occurrence of a form of life support
which is dependent upon root nodulation,

largely because temperatures and soil

moisture are suspected of being of major
limiting factors. These fluctuate to ex-

tremes in the desert system and specific

effects have not yet been determined.
Also, the extent to which nitrogen stress

is effectively responsible for nodulation
and symbiosis is not known.

Nitrogen-fixing bacteria also must not

be overlooked as being potentially in-

volved in desert soils when conditions

are favorable. Knowles (1965) reported

fixation rates by free-living bacteria

ranging from 0.1 to 73.0 kg of nitrogen

per hectare per year under anaerobic
conditions, and up to 34.6 kg annually
under aerobic conditions in some Quebec
soils. The studies of Yoshida and Ancajas
(1973) have demonstrated nitrogen-

fixing activities under similar conditions in

upland and flooded rice fields.

The concepts of loose-symbiosis, or

loose-association, a symbiotic relationship

between desert plants and soil micro-
organisms need to be carefully studied.

Raju, Evans, and Seidler (1972) have re-

ported an asymbiotic relationship can
exist between corn plants and certain

microorganisms. Work of Dobereiner

(1972a, 1972b) indicates that this type of

relationship exists between sugarcane,
tropical grasses, and certain soil microor-
ganisms.

The free-living, nitrogen-fixing blue-

green algae are more favorabl}' adapted to

function alone or in lichen associations.

Nitrogen fixation by lichens is of ecologi-

cal importance because of their wide-
spread occurrence on desert soils. These
associations are ])robably the most repre-

sentative of the free-living forms. Fuller

et al. (1960) identified many genera of

algae obtained from desert soil as blue-

green algae, many of which are auto-

tro])hic with respect to both carbon and
nitrogen. Their ability to fix nitrogen re-

sulted in algae and lichen crusts being

four to five times as high in available ni-

trogen as the soil below. Mayland et al.

(1966) found that semiarid desert algae

crusts were capable under optimal con-

ditions of fixing nitrogen at rates which
are estimated to be equivalent to form
one-fourth to one-third of the levels re-

ported to be contributed by blue-green

algae in rice paddy fields (Stewart 1966).

Nostoc species, either alone or in lichen

symbiosis, are noted for their capacity

to fix atmospheric nitrogen under widely
varied environmental conditions.

It should also be pointed out that mycor-
rhizae are found in the roots of numerous
desert plants forming a close union be-

tween fungal hyphae and tissues of the

host plant (Went and Stark 1968). Be-

cause of their widespread occurrence in

the decomposing litter underneath desert

shrubs, either in ectotrophic or endotrophic

forms, the mycorrhiza-forming fungi have
the potential to contribute significantly

to the nitrogen supply of desert soils. The
cycle of development of the fungal endo-

phyte and action upon the host plant is

somewhat similar to the corresponding

process in the nodulated plant species

(Mover 1966; Mishustin and Shil'nikova

1968).
In the numerous areas of needed re-

search on nitrogen fixation by plants, an
understanding of genetic and biochemical

compatibility between certain organisms
and the specific host plants must be de-

veloped.

In conclusion, we marvel that such a

tremendous amount of w^ork has been

done leading to man's understanding of
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symbiotic nitrogen fixation, and 3'et, in
the magnitude of the desert ecosystem,
with its diversity of plants and its seem-
ingly endless activity, man has spent so
little time investigating the role of nitro-

gen fixation by desert vegetation.
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THE PATTERN OF ESTERASE VARIATION IN THE
MIMULUS GLABRATUS COMPLEX (SCROPHULARIACEAE)

Sun Szcii Hsu' and Robert K. Vickeiy. Jr.'-

Abstr.\ct.— Disc g(4 olectrophoretic assays of Mimulus plants showed young stems to contain

at least \'t esterase bands. The 6 hands in the center of the gels were highly reproducible. Eighty-

one populations repiesentative of all the cytotaxonomic groups and of the Western Hemisj)here geo-

graphic range of the Mimulus plabralua complex were assayed for those 6 bands. There was no ap-

parent correlation between the distribution of the esterase bands and important enviroimiental para-

meters such as elevation and latitude. Hence, their distribution did not appear to reflect environ-

mental adaptive values. Each population was monophonic for its particular combination and inten-

sity of esterase bands which is consistent witli our previous suggestion that genetic drift is a strong

component of the evolutionary pattern of the complex.

The demoiistratioii of widespread inter-

and intra-population variation in the dis-

tribution of electrophoretically detectable

enzymes (Hubby and Lewontin 1966;
Selander 1970; Lewontin 1974) continues

to raise interesting evolutionary questions.

For example, Are these variations of

adaptive advantage? Do they reveal evo-

lutionary patterns, such as genetic drift?

As to the first question, Koehn's finding

(1969 and pers. comm.) of a close cor-

respondence between habitat temperature,

optimum temperature for enzjTne activity,

and the distribution of esterase alleles in

Catostonius clarkii gave a clear yes answer
for esterases of the Gila mountain sucker.

Since our studies of the Mimulus glabra-

tus complex (Alam and Vickery 1973)
suggest the presence of genetic drift in the

distribution of barriers to gene exchange,
would an analysis of the distribution of

the Mimulus esterases confirm the genetic

drift pattern of evolution in the complex?
Or would it reveal an adaptive basis as in

Catostom.us?

The putative origin of the Mimulus
glahratus complex is in the Great Basin.

It appears to be derived possibly via a

genetic revolution (Mayr 1963) from an
aneuploid peripheral population of the

California-centered M. guttatus complex
(Vickery et al., in press). Then, the suc-

cessful aneuploid, n = 15, radiated through-

out the Great Basin. Successive radiations

carried it into the Great Plains, Great
Lakes region, and Rio Grande drainage

(Fig. 1). At their southern limit the dip-

loids apparently gave rise to a small ra-

diation of tetraploids, n= 30, and an ex-

tensive radiation of aneuploid tetraploids,

n 31. The latter extends throughout the

temperate regions of Mexico and Guate-
mala. Possibly hexaploids evolved in the

same area as the tetraploids and aneuploid
tetraj)loids, but were transported by mi-
gratory birds to South America (Vickery
et al., in press). In fact, there is an ex-

tensive radiation of polymorphic hexa-
ploid, n = 46, forms throughout most of

temperate South America. This unusual
pattern of radiation from the Great Basin

east to Quebec and south to Patagonia

must have been facilitated by the colo-

nizing nature of these plants. The mem-
bers of the complex occur in a variety of

moist habitats from sea level to altitudes

of over 5,000 m. The populations of the

complex form four genetically isolated

groups with n=15, 30, 31, and 46 chromo-
somes, respectively, corresponding to the

major radiations (Vickery 1969). Each
group is divided by a variety of barriers

to gene exchange into a diversity of sub-

groups (Vickery et al., in press). These
consist of from few to many, small—often

very small—geographically isolated popu-

lations. Due to the Founder effect and/or
genetic drift coupled with vegetative re-

production, some of these must consist

of only a few, possibly even a single,

genotype.

Materials and Methods

Sample populations of 81 natural popu-

lations (see Hsu 1973 for details) that

well represent the geographic range of the

complex (Fig. 1), its morphologic and

cytologic diversity' (Alam and Vickery

1974), and its various taxa (Humboldt

^Department of Human Genetics, University of Michigan, Ann Arbor, Michigan 48104.

^Department of Biolog)-, University of Utah, Salt Lake City, Utah 84112.
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g. var. oklahomensis n = 15

var. fremontii n -15

Mimulus glabratus

var. glabratus if
p*'

n =31

O present in all populations

,4

M. g. var externus :<h*^ ^^i

M. pilosiusculus

n=46

FiGUHK 1. Distribution of the Mimulus glabratus (Oinplex niui its iclatod species showing tlie

populations assayed for the esterases of their stems. The dots give the actual locations of each popu-

lation studied and the corresponding symbols give the esterase composition. No arm indicates that

that esterase does not occur or is not expressed in that population, a short arm indicates an ester-

ase of moderate activity, and a long arm indicates a strongly active one based on the intensity of

staining of the electropliorctic bands. The #5 esterase (not indicated) was always present at high

intensity. The #3 was always present either at moderate intensity, (the hollow circle) or at high in-

tensity (the solid circle). Note: In the area where the n=15, n=/50, and n=31 populations overlap.

the two populations studied electrophoretically have n=15 chroniosonies.
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et al. 1817; Reiche 1911; Grant 1924;

Pennell 1935; Fassett 1939; Skottsberg

1953; Descole 1954) were assembled in

the University of Utah greenhouse. The
sample populations or cultures were
grown from seeds collected in the wild

or from plants grown from such seeds.

Of the various plant organs assayed

electrophoretically for their esterases,

young stems prothiced the clearest, most
reproducible results when repeated assays

of the same stem were run. The stems of

five plants were tested for each of 11 of

the populations. For the other four popu-
lations from Wendover, Utah (culture

number 5852) ; Limpia Canyon, Texas

(6617); Quezaltenango, Guatemala
(7301); and Aisen, Chile (6328)—one
from each heteroploid level—the stems of

24 plants each were checked in order to

investigate intra-population variability.

The esterases were extracted from the

stems according to standard methods
(Brewer and Sing 1970). Their electro-

phoretic separation followed the proce-

dures of Ornstein (1964) and Davis

(1964) with minor modifications required

by our material (Hsu 1973). We used

disc eltecrophoresis employing a Canalco
12 apparatus wdth 6.5 cm x 5 mm glass

tubes, 7.5 percent polyacrylamide gels,

2.5 ma/tube, and up to 300 v during each
run of from 75 to 85 minutes. Alphanaph-
thylacetate w^as used as the substrate and
Fast Blue RR salt (diazotized product of

4-benzovlamino-2.5-dimethoxyaniline - Zn
CI, in tris-HCl buffer, pH 7.5, .01 M) as

the stain to locate bands of esterase ac-

tivity in the gels. Each run contained 12
tubes, one of which was a control.

Results and Discussion

Of the 15 or more esterase bands detec-

ted in the young stems, only the six bands

in the center third of the gels proved con-

sistent. They were bands #1 at Rf =0.66,

#2 at Rf = 0.62, #3 at Rf = 0.58, #4 at

Rf = 0.54, #5 at Rf = 0.50, and #6 at

Rf = 0.48. These bands, when present,

showed either moderate or high intensity

staining reflecting corresponding quanti-

tative differences in the esterase activity

of the plants assayed. Increasing quantities

of the enzymes did not correlate with in-

creasing heteroploid chromosome level

which suggests that the genes producing

the esterases are controlled by regulatory

mechanisms that are independent of gene
dosage as Sing and Brewer (1969) found
in a polyploid wheat series.

The presence and intensity of the ester-

ase bands were uniform within each popu-
lation as Clegg and Allard (1972) found
in Arena but often differed between popu-

lations. The intra-population monomorph-
ism is striking despite the generally small

sample size—5 plants for 11 populations,

24 plants for 4 populations—because it is

based on so many populations. The dis-

tributions of the esterase bands within the

populations depart highly significantly

from Hardy-Weinberg equilibria based on
the frequencies observed in the complex
as a whole, except for the one universally

present band (Table 1). This result sug-

gests the action of either strong selection

or rapid genetic drift leading in either

case to homozygosity. This homoz5^gosity

and the concomitant lack of segregation

within the populations suggest further

that each esterase band is controlled by
genes at separate loci rather than reflect-

ing different homozygous and/or hetero-

zygous genotypes of alleles from fewer

loci. This suggestion is strengthened by
the observation that almost all of the

esterase bands co-occur in one combina-

tion or another in the diploid populations

(Fig. 1).

Table 1. Gene frequencies for the six esterases based on the assumption that each band (Fig. 1)

is homozygous for the strong, moderate, or silent allele (see text). The chi-square values evaluate

the hypothesis that tlie observed phenotypes for the complex as a whole area are in Hardy-Weinberg
equilibria.
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The most prominent esterase band, #5,
was universally present and always at

high intensity. Presimiably it is neces-

sary biochemically to the members of

the complex, although in what capacity

is not known.
The next most prominent esterase band,

#3, was always present also, but generally

at moderate intensity. The populations

with high intensity band #3 occur in

widely separated groups in Texas and
northern Argentina (Fig. 1).

The third major esterase band, #1, is

present in almost all the populations and
almost always at high intensity. One ex-

ception has moderate intensity alleles in-

stead of high intensity ones. It is the single

population belonging to insular M. gla-

bratus var. externus. The other exceptions

lack the #1 esterase band altogether. They
are the populations of the large, intrafer-

tile group of aneuploid tetraploids of Chia-
pas and Guatemala. However, one morpho-
logically indistinguishable, but genetic-

ally isolated population (Vickery et al.,

in press) in the center of that area has
the #1 esterase band as do the similar

n=31 populations from corresponding
habitats in central Mexico. Thus, the

variation in occurrence of the #1 ester-

ase band does not suggest adaptiveness
but does correspond to cytogenetic ])opu-

lation groups.

Of the more variable esterase bands,
#2 is common in populations throughout
the range of the complex. Despite its

absence in the Chiapas-Guatemala group
of M. glahratus var. glahratus (Fig. 1),
its distribution does not correlate well with
any of the cytogenetic groups. However,
the #2 esterase band does tend to occur
in small, geographic clusters of popula-
tions particularly in M. nndicolus and M.
glabratus var. fremontii (Fig. 1). The
#4 esterase band occurs throughout the
complex also. The distribution of its high
intensity form tends to be in clusters of

populations, for example, in western
Mexico and west central Argentina (Fig.

1). The #6 esterase band occurs in onh'
16 percent of the populations and I hen
only in the low intensity form. Chisters
of poj)ulati()ns vvilh it occur in the Great
Basin aufl in Northern Argentina (Fig. 1).

Geographic clusters of po{)ulalions with
identical combinations of esterase bands
are conimoti (l^'ig. 1 ). Some of the charac

teristic combinations were restricted to

one or a few clusters of cytogenetic sub-

groups but two of them, #1-3-5 and #1-2-
3-5, were frequent in most groups and
habitats throughout the range of the com-
plex (Fig. 1).

The distribution of neither the dis-

tinctive combinations of esterase bands
nor of particular individual esterase bands
correlated convincingly with latitude or

elevation (Hsu 1973). If detailed climato-

logical records were available for the lo-

calities of the populations, an adaptive
correlation might be found as in Ai^ena
(Allard 1972). However, latitude and ele-

vation are indicative of significant en-

vironmental parameters such as tempera-
ture, day length, and length of growing
season. Therefore, on the basis of the in-

formation available, there appears to be
no detectable adaptive advantage to the

distribution of the Mimulus esterases in

contrast to those of Cntostornus.

The unexpected lack of an adaptive pat-

tern in the distribution of the esterases

when taken in combination with their ap-

parent random occurrence in individual

populations or clusters of populations, or

even larger groups reinforces the sugges-

tion (Vickery 1969) of the action of ge-

netic drift. The range in size of the popu-
lation groups with the same patterns of

esterase bands suggests moreover that each
cluster became established at differing

times in the past. Probably the founders
came from similar pojiulations but oc-

casionally were mutants or recombinants
from rare polymorjihic [)opulations. Ge-
netic drift soon woidd have led to homo-
zygosity in most of the typically small

populations of the complex. Then, with

time and as o])portunity afforded, the new
populations radiated out in their turn j)ro-

du( ing the genetic -drift-based evolutionary

pattern of distinctive populations and
(lusters and groups of identical poj)ula-

tions that characterize the complex now.
However, none of iIk^ groups is so large

as to include a whole major radiation

(Fig. 1). Thus the distribution pattern of

the Mirmilus esterases confirms the pre-

(li< ted rol(^ of genetic drift in the complex
I'ather than re\ealing adaptive values.

Most of the work is part of a disser-

tation submitted to lii<> faculty of the

Universilv of Utah h\ tiic senior author
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ill partial fullilliiieiiL of tlic reciuireiiients

for the Ph.D. degree.
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LIFE CYCLE AND INCIDENCE OF DIPLOSTOMUM SPATHACEUM
RUDOLPHI (1819) (TREMATODA: DIPLOSTOMATIDAE)

IN UTAH

James R. Palmierii, Richard A. Heckmann- and R. Scott Evans-

Abstract.— Diplostomum spathaceum (Trematoda: Diplostomatidae) causes a disease known as

diplostomatosis (eye fluke disease) and has been found to be widespread throughout the fish of Utah.

Totals of 7'-)6 snails (5 species), 893 fish (21 species) and 6 species of birds were examined for the

presence of larval and adult D. spathaceum from 1 7 collecting sites throughout Utah. Pathologic ef-

fects such as blindness, subacute inflammatory reactions, cornea perforation, and ruptured globe due

to diplostomatosis upon the fish host are listed. Fish host and parasite infection data of D. spathaceum
for the major lakes of Utah are given.

Diplostomum spathaceum is a strigeoid

trematode (Trematoda: Diplostomatidae)

causing a disease of fish known as diplo-

stomatosis or eye fluke disease.

Diplostomatosis was reported in 1974
in Strawberry Reservoir, Utah, a body of

water considered to be Utah's number one
trout lake. Within the past year (No-
vember 1974 to November 1975) a de-

tailed survey of 19 major lakes (Table

4 and Fig. 1) revealed a widespread in-

fection of D. spathaceum in fish through-

out Utah.
Extensive studies concerned with its

life cycle, development, taxonomy, pathol-

ogy, and control have been carried out

on two geographic fronts: the Soviet

Union where the fluke is known as Diplo-

stomum. spathaceum. Rudolphi, 1819

(Bauer 1959) and the United States where
it was once classified as Diplostomum
flezacaudum (Cort and Brooks 1928)
(Van Haitsma 1930). Recent investiga-

tions concerning this fluke have taken

place in England, Western Europe, Mexi-
co, Africa, Italy, and the United States.

In the western half of the United States

numerous local outbreaks have been re-

ported in Colorado, North Dakota, Wash-
ington, Idaho, and Utah.
The develoimiental cycle of D. spatha-

ceum is typical of strigeoid life cycles as

described by LaRue (Palmer 1939). The
egg passes out with the feces of the de-

finitive host, a piscivorous bird, and de-

velops in 21 days into a free-swimming
miracidium. The miracidium penetrates

and undergoes several asexual multipli-

cations within the h(!i)atopancreas of a

variety of snail hosts. Within six weeks
daughter sporocysts develop into free-

'Prcsonl address: Instilulc for Medical Hescarrli, Pahann Ho
-Department of Zoology, Hrinliaiii Young University, Prov

swimming furcocercous cercariae which
penetrate the gills, skin, and eyes of a

variety of second intermediate fish hosts.

Cercariae enter small blood vessels of the

gills and fins (Ratanarat-Brockelman
1974) of fish and are conveyed by the

blood stream to the eyes (within 30

minutes) where they become infective

metacercariae in 45-120 days. Some cer-

cariae may penetrate directly through tlie

lens of the eye. Becker and Brunson

Fig. I. CoUectMig sites for mtcrmodiati' .uid

definitive hosts of Diplostomum spathaceum in

Utah. Numbers of (ollecting sites are coded for

Table 4. Those sites marked by solid dot symbols

were positive for D. spat/iaceum.

ad, Kuala U2-l4Malaysin.
. lUah HUM2.

H6
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(1960) found that Rainbow Trout {Sal-

mo gairdneri) may have acquired D.
spathaccum by feeding on moUuscus con-
taining precocious metacercariae. Once in-

fected fish are ingested by a gull or other
piscivorous bird, adult worms develop
within the intestine in 3-5 days. Figures
2-9 illustrate the larval and adult stages

iv/r^^^^j-
^"^'

.^i^^ ^}^^^^ "^ Diplostomum spathaceum: 2, Egg containing unhatched micracidium; 3,Miracidium; 4. Mother sporocyst; 5. Cercaria among daughter sporocysts.
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Figs. 6-0. Life stages of Diplnslnmuni spnthncrum: (\ Mctarerraria removed from tlie eye of an

infected fish; 7, Lens of an iiifet li'd fish (oiitaiiiing melacorcariao (tliis U-ns was fixed and stanied);

8, Lens of fish showing effects of nietacercariae on the lens; note individual inctacercaria and catar-

act of the inner lens; •), Adult recovered from a ring billed gull.
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of D. spathaccum reco\'erecl from snail,

fish, and bird hosts throughout Utah. The
hfe cycle of D. spatJiaceuni is depicted in

Figure 10.

D. spathaccum causes much damage to

the eyes of a variety of fish. Mass infec-

tion may lead to permanent damage in the

form of cataract and herniation and even
death of the infected freshwater fish.

Compared with research involving a

closely related strigeoid trematode (Pal-

mieri 1975), D. spathaccum seems to lack

host specificity as a larvae and adult. Re-
cently the danger of infection by the meta-
cercariae of D. spathaccum in the eye of

humans has received great concern. Fergu-
son (1943) found that the metacercariae
could develop equall}' well in a variety of

vertebrate hosts including fish, amphib-
ians, reptiles, birds, and mammals. Two
reports exist in the literature concerning
human infections. The first case involved

the recovery of four worms within the

cataractous lens of a five-month-old child.

The second report showed recovery of

worms from the eyes of a fifty-five-year-

old fisherman (Ashton et al. 1969). In
the latter case it was determined that the
cataract-causing fluke was similar in size

and shape to those flukes reported from
the lens of fish.

Because diplostomatosis exists as a po-

tential public health problem in Utah, a

one-year study concerned with the natural
life history of D. spathaccum. was initiated.

The purpose of this pa})er is to report the
known natural intermediate and defini-

tive hosts, host habitats, and host specif-

icities of D. spathaccum.

Materials and Methods

MoLLUscAN hosts.— At cach individ-

ual collection site (Fig. 1) sampling of all

s])ecies of potential snail hosts was carried

out. Once collected, snails were cooled to

EHNTONATEO EKE

Fig. 10. Life cycle of Diplostomum spalhaceum.
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5 C until examined in the laboratory. Rou-
tine laboratory methods were utilized in

identification and examination of snail

hosts. Identification of sporocysts and shed
cercariae of D. spathaceum was done at

time of examination. Nonshedding snails

were measured, crushed, and examined
for developing larval forms of D. spath-

aceum. Shedding snails were isolated, cer-

cariae identified and then handled, as

were the nonshedding snails.

Fish hosts.— A survey of piscine hosts

was accomplished with the cooperation of

the Utah Wildlife Resources and local

fishermen (creel content examination)
at each collection site. Fish were collected

by electrofishing, gill net, hook and line,

and seine, cooled to approximately 1 C
with crushed ice, and returned to the
laboratory for examination. In the labora-

tory fish were weighed, sexed, measured,
and examined for metaceracriae of D.
spathaceum. Each individual eye was ex-

tracted and carefully examined, records
of fish and lens condition determined, and
individual numbers of worms found in-

fecting the right and left eye recorded.

Avian hosts.— Collection of possible

avian definitive hosts was accomplished
by the use of firearms at each collection

site (Fig. 1). Birds were placed in plastic

bags and covered with ice until returned
to the laboratory. Birds were examined
utilizing routine laboratory techniques
All birds were examined within 12 hours
of collection for adult worms of D. spath-

aceum..

Specimen preparation.— Cercariae
of D. spathaceum, isolated from infected

snails, were fixed in hot buffered (pH
7.2) formalin, dehydrated in ethanol,

stained in Mayers paracarmine, counter-
stained in fast green, cleared in methyl
salicylate, and mounted in permount.
Both metacercariae and adults of D. spat-

haceum. were washed in avian physiologi-

cal saline, fixed in AFA (alcohol, formalin,
and acetic acid), dehydrated in ethanol,
and stained, as were the cercariae.

Habitat analysis.— Four ecological

variables were recorded: water type
(stream, river, j)ond, lake); water quality
(temperature and dej)th); shoreline char-

acteristics (rocky, light vegetation, heavy
vegetation, and sand/silt) ; and miscel-

laneous information on host habitat con-
ditions unique to each collection site.

Results

MoLLUscAN HOSTS.— A total of 756
snails including five species {Lymnaca
palustris, L. stagnalis, L. auricularia,

Physa gyrina and Gyraulus circumstri-
atus) was collected. The only snails

shown to be positive for sporocysts and
cercariae of D. spathaceum were L. palus-
tris and L. stagnalis, although L. auricu-
laria was experimentall}' infected with D.
spathaceum in the laboratory. Of 306 L.

palustris collected, 5.7 percent demon-
strated a positive infection for D. spathac-

eum. The range of lengths of L. palustris

collected was 11-27 mm wdth the range
of infected snails varying from 18 to 22
mm. Although not as common, 6.5 percent
of 31 L. .stagnalis were shown to be in-

fected with D. spathaceum. L. stagnalis

ranged from 13 to 21 mm in length with
infected snails showing a narrow length
variation of 18 to 19 mm. Of the three

other species of snails collected, no sporo-

cyst or cercarial infection of D. spathac-

eum was noted. A complete record of

snail collections and percent infections can
be found in Table 1.

Fish hosts.— A total of 893 fish in-

cluding 21 species was recovered at col-

lection sites throughout Utah (Fig. 1).

Ten species were found to be natural hosts

for metacercariae of D. spathaceum
(Table 2). Of these ten hosts, all are new
state records and Catostomus discohulus,

C. platyrhynchus, C. ardens, Salmo clarki,

Richard.sonius baltcatus. and Gila atraria

are new host records for Diplostoumm
spathaceum (Table 3). Of the eleven

other piscine hosts examined (Table 4),

no metacercariae of Diplostomum were
found.

The rate of infection of D. spathaceum
varied from 5.8 percent for Catostomus

T.MU.E 1. Suniniary of snail hosts examiiiod for

Diplostomum spathaceum, in Utah.

Snails Number Percent infected

T^ymnaea pahislris -506

Lymruira stdfiftalis U
Lymnaea (/uriculariti 1*>

Physa gyrina 395
Gyraulus circunistrialus 5

5.7

6.5

0.0

0.0

0.0
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Table 2. Summary of fisli hosts positive for

metacercariae of Di/>lostomur?i spathaceuni in

Utah.
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Table 6. Fish host and parasite infection data of Diplostornuni spathaceuni for the major lakes of

Utah.

.2 «

^•5
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(Table 6 continued)

25-X-1975 Fish Lake

7-XI-1975 Kolob

Gila atraria
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THE EFFECTS OF LEECH BFJIAVIOR ON PENETRATION AND
LOCALIZATION OF APATEMON GRACILIS (TREMATODA:

STRIGEIDAE) CERCARIAE AND METACERCARIAE

James R. Palmieri^ and Hugo A. James"

Abstract.— Metacercariae of Apatemon gracilis (Rudolphi 1819) (Trematoda: Strigeidae) were
found to encyst primarily in the posterior half of their leech hosts (Helobdella stagnalis, Placob
della parasitica, Erpobdella punctata) in numbers of from 1 to 13 larvae per cyst. Presumably the

posterior localization of these larvae in their leech hosts is determined by the host's behavior in

response to cercarial penetration. It is possible also that leeches may become infected by ingesting

snail tissues containing mature cercariae.

Several investigators have contributed

to life-cvcle studies and biology of Apate-
mon gracilis (Szidat 1928, 1929, 1931;
Stunkard et al. 1941; Dubois and Rausch
1960; lies I960; Raishite 1967; and Pal-

mieri 1973). Szidat (1929) found en-

cysted metacercariae (tetracotyles) of

A. gracilis in two leech species, Herpob-

della atomaria and Haemopis sanguisuga.

Szidat (1931) continued his investigation

by studying cercarial penetration of

leeches and subsequent development of

cercariae to the tetracotyle stage. Most
investigators since Szidat's (1929) report

have agreed that leeches are the major
second intermediate host in the life cycle

of A. gracilis. Lists of leech species that

harbor larvae of Apatemon may be found
in McDonald (1969), Vojtek et al. (1967),
and Dobrowolsky (1958). The various de-

velopmental stages of Apatemon have
been well studied; however, there are ap-

parently no reports concerning the be-

ha\dor of leeches in response to invading
cercariae. Although Erasmus (1962) ob-

served that the number of metacercariae,

typical of this genus, varied from 1 to 13
in a sample of 26 leeches {Erpobdella
octoculata), he did not consider the lo-

calization of these larvae in the body
regions of the leech hosts.

Materials and Methods

In this study, initiated during the early

fall of 1967 and continued until spring of

1971, leeches (Helobdella stagnalis. Pla-

cobdella parasitica, and Erpobdella punc-
tata) were collected by hand from a small
pond at Beardsley Park, Bridgeport, Con-
necticut. Newly collected leeches and
snails were separated and maintained in

aquaria. leeches to be examined for meta-
cercarial cysts of A. gracilis were sand-

wiched between two glass slides which
were squeezed lightly and the resulting

preparation studied with the aid of a dis-

secting microscope. Tetracotyles lying

close to the body surface of the leech ap-

pear as small, transparent globes. In un-
cleared leeches cercariae which have just

penetrated the integument are difficult to

see; therefore, leeches presumed to be un-
infected were separated from infected

specimens and reexamined in 30 to 60
days for the presence of metacercariae.

Snails Physa gyrina and P. ancellaria),

segregated by species, were placed in four-

inch culture dishes (five per dish) half

filled with water; subsequently, those

snails shedding furcocercous cercariae

were put into aquaria containing leeches.

Nonshedding snails were either crushed

and examined for developing sporocysts

or placed into holding tanks as a food

source for experimental leeches. Snails

were permitted to feed freely on algae

and uncooked lettuce and were considered

free of A. gracilis if cercariae were not

shed within 150 days.

Tetracotyles of A. gracilis were easily

teased from tissues; those to be fixed were
either cold-relaxed or slightly flattened

under coverslip pressure. Leeches for

wholemounts were fixed, stained, and
mounted according to methods of Palmieri

et al. (1973). Leeches for experimental in-

fection were placed in culture dishes con-

taining snails shedding cercariae. The be-

havior of leeches in response to cercarial

penetration was observed with the aid of

a dissecting microscope.

'Department of Zoology, Brigham Young University, Prove. Utah 84602.
-Biology Department. University of Bridgeport, Bridgeport, Connecticut 06602.
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U^Jfvf' 1"^; V T^^i'^'V;?.!!",^
°^ Erpobdella punctata showing distribution of metaceicariae along thelength of Its body; 2 Wholemount of the posterior region of an infectod Erpobdella punctata show-ing great numbers of both single and multiple metacercariae per cyst.

Figs. 3-4. 3, Typical metacercariae of Apatemon gracilis encysted in leech tissue; 4, A cyst ofApatemon gracilis, located within the posterior region of the leech host, containing several metacercanae. ^
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A NTERIOR ( FREE E N D )

POSTERIOR ( FIXED END)
Fig. 5. Illustration to demonstrate the behavior of a leech upon penetration of the cercariae

showing waving motion of the anterior (free end) and pivot attachment point of the posterior

(fixed end); dots represent approximation /cercarial density.

Results and Discussion

In comparison with the behavior of

leeches observed in nature and in aquaria
without cercariae, those placed in culture

dishes with over 500 cercariae of A. gra-

cilis from a shedding snail increased their

body undulations and secreted additional

mucus. The greater number of cercariae

attached to and penetrated the posterior

half of the leech's body (Fig. 5). In 17 of

19 infected leeches examined, 50 percent
or more of the metacercariae localized in

the hind body, with the greatest number
in the vicinity of the posterior sucker
(Figs. 1,2,_5)."

Observation of leech behavior just prior

to and during the course of cercarial pene-
tration has provided an explanation for

the consistent posterior localization of

A. gracilis metacercariae in the leech host.

A leech, upon being penetrated by a large

niunber of cercariae, swings its anterior
(free end) in an axis of 140° to 180°
while pivoting on its posterior sucker
(fixed end) (Fig. 5). The posterior end
usually remained attached and showed
little movement while the anterior end
oscillated at a more rapid rate. It seems

that the movements of the leech, in re-

sponse to its parasites, determine the pos-

terior localization of these parasites within
their host. It is more likely that swimming
cercariae can attach to the more stationary

posterior region than to the faster moving
anterior end. Cercariae, once attached to

the host, lose their tails and penetrate

the leech integument, seldom migrating
from their point of entrance.

It might also be possible that infections

of A. gracilis are acquired by leeches

through ingestion of infective cercariae in

snail tissues. Four ErpobdeUa punctata
were discovered in the hepatopancreas and
gonad of one infected snail where they
had apparently been feeding. These
leeches, when removed from the snail and
examined under a dissecting microscope,

had cercariae moving in a posterior di-

rection in the leech's gut. Whether they

matured into viable tetracotyles was not

determined.

Naturally infected leeches described in

this study contained more metacercariae

than did those reported by Erasmus
(1962). In one naturally infected 57 mm
leech {E. punctata), 296 metacercariae.
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Table I: Metacercarial cyst distribution in leech hosts.



PEAT DEPTH OF SIERRA NEVADA FENS, AND PROFILE CHANGES
FROM 1958 TO 1972 IN MASON FEN

Don C. Erniaii'

Abstr.\ct. Peat coros along transects of seven niiiicrotrophic peatlands (fens) in the Sagehen
Creek basin were made in 1972. The areas were all shallow, sloping peatlands from 67 to 206 cm in

maximum depth. Cores from one fen contained layers of ( harcoal and clay that suggested fire followed
by fen regeneration. Profiles from Mason Fen suggested that the peat mass was moving downslope,
creating splits and ridges with surface pools at right angles to the slope. Comparison of a profile

made in 1958 with 1972 showed further evidence of downslope mass movement and e.xpansion of
the surface area.

The natural features of peatlands have
received little attention in California. A
coastal fen type near Ft. Bragg was re-

cently described (Baker 1972) and Rigg

(1933) gave an early description of a bog
in a nearby upper coastal terrace. In 1958
Professor Herbert Mason and Dr. Jean
Langenheim mapped and surveyed a peat-

land (now named Mason Fen) at the

Sagehen Creek Field Station in the Sierra

Nevada near Truckee, California. This
area and many others in the Sagehen
Creek basin are minerotrophic (Heinsel-

man 1970) or rheotrophic peatlands

(Moore and Bellamy 1973) or simply,
fens. The new terms emphasize the key
features of high mineral content and flow-

ing water that characterize such peatlands.

The purposes of this paper are to pre-

sent peat depth profiles of seven of the

Sagehen Creek fens, to compare a profile

of Mason Fen made in 1958 by ^Iason
and Langenheim with a profile made in

1972, and to suggest causes for changes
in peat profiles.

Study Area

Detailed descriptions of the study area

have been presented elsewhere (Erman
1973; Erman and Erman 1975). Studies

and descriptions of the flora (Rae 1970;
Savage 1973), fauna (Erman and Erman
1975), physical-chemical conditions (Er-

man 1973), and secondary production

(Erman and Erman 1975) have focused

on the original peatland described by
Mason and Langenheim but included six

other peatlands (referred to as fens 1-6

in Erman and Erman 1975 and in this

study).

The Sagehen Creek Field Station is

12.8 km north of Truckee, California, on

the east slope of the Sierra Nevada. The
seven fens are all located on sloping hill-

sides and were originally described as

"hanging bogs" (Storer and Usinger
1964). They range in area from 0.2 to

2.9 ha and in mean peat depth from 17.3

to 84 cm (Erman and Erman 1975). (Com-

parisons of area, mean and maximum
depth, elevation and exposure are given

in Table 1. Species of plants and animals

are very similar on all the fens. The pri-

mary substrate is a mixture of mosses
Drepanocladus aduncas (Hedw.) and Cra-

toneuron filicinum (Hedw.) and several

species of Carex (Rae 1970).

Methods .and M.^vteri.als

Maps of the areas were traced from
enlarged aerial photographs. Peat depth

was determined to the nearest 0.5 cm with

a Hiller type peat borer. I twisted the

corer through the peat until I detected

firmness or, more often, scraping against

the auger-tip caused by clay, sand, or

rock. The point of transition from peat

to clay or other mineral bottom-layers

was measured to the fen surface marked
on the handle.

Core transects were made along a long

axis in the direction of slope and some at

right angles to the slope. On Mason Fen
one of the transects was relocated as

carefully as possible on the positions

established in 1958 by Mason and Lang-
enheim. Their original starting point,

however, a snag, was no longer present,

and some of their more permanent mark-

ers could not be found. In the present

study I placed markers on all transects.

Detailed descriptions are on file at the

Sagehen Creek Field Station.

^Department of Forestry and Conservation. University of California. Berkeley, California 94720.
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Table 1. Some physical features of seven fens in the Sagehen Creek basin. California (data in part

after Erman and Erman 1975).

Fen

Environmental factor
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two sections will probably unite. At pres-

ent a separation also extends to the sun-
dews on Fen 1. Drosera anglica occurs on
the upper section while D. rotundifolia
L. occurs on the lower section. They oc-

cur together on Mason Fen now al-

though they were distinctly separated
on Mason Fen at the time of Mason
and Langenheim's mapping in 1958. Ac-
cording to Rae (1970) D. anglica occupies
sites relatively wetter than those of D.
rotundifolia.

FEN 2

Fig. 1. Maps of six fens in the Sagehen Creek basin. Lines are transects for core samples. Short
dotted lines at edges indicate springs or seeps, and arrows indicate direction of slope. The upper
drawing of Fen 1 is repositioned; its actual location is shown by the dotted outline nearby.
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20 40 60 80 100 120 140

METERS
160 180 200 220 240

Fig. 2. Peat profiles of Fens 1-6 in the Sagelieii Creek basin. Capital letters at left edge of pro-
file indicate direction. SL with arrow indicates the direction of slope of longitudinal transects. Small
letters identify transects shown in Fig. 1. Cores 4 and 5 from Fen 6 are drawn to show layers of peat,
clay and charcoal tliat suggest fire, erosion and fen regeneration.
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Fig. 3. Map of Mason Feu showing transects

(a, b, c) and pools (1, 2). Slope is to the north
east along transects a and c. Transect b was the

same transect used by Mason and Lagenheim in

1958.

The fens have a wide range of peat
depths. The average peat depth was
shown previously to have effects on daily

changes in water level, rates of change
of temperature, and the production of fen

invertebrates (Erman 1973; Erman and
Erman 1975). The deeper the peat, the
slower the rates of change in environ-
mental factors and the greater the in-

vertebrate production.

Because the vegetation, particularly

the dominant mosses, and the water qual-
ity are very similar on all the fens (Erman
and Erman 1975), one might expect
similar rates of peat accumulation for

all these fens. Rae (1970) estimated the
rate of peat accumulation in Mason Fen
by measuring the distance between basal
rosettes along the rootstocks of Drosera

and by comparing photographs of a
downed tree taken in 1957 and in 1969.

He concluded that the major portion of

the fen (excluding certain marginal
area) was rising at a rate of 3 cm/yr.

However, a more complicated develop-

ment has occurred on some of the fens.

In Fen 6 a history of fen regeneration was
indicated following a fire. Frequent forest

fires are common in the Sierra Nevada
(Wagener 1961), and the Donner Ridge
fire burned part of the basin in 1960
(Johnson and Needham 1966). This fire

burned all of the forest and shrub land
around Fen 5 and most of the slope above
the upper part of Fen 1, but no evidence
of a charcoal layer has been found.

Whether the charcoal layer seen in Fen
6 was missed in other fens (unlikely, I

believe) and whether the fen surface

itself was burned are both unknown. The
deposit of clay over the charcoal sug-

gests that at least for some period either

the fen was not growing or else erosion

was intense. Fen 6 is also unusual be-

cause it is the only fen in which the

water level is perched 1-2 cm above the

moss surface at all times. The other fens

have a daily cycle of water level fluctu-

ation; during warm summer days the

water level drops 2-3 cm below the sur-

face and then returns to the surface near
midnight (Erman 1973). Thus the moss
surface would not be dried out com-
pletely and would not likely burn.

However, if charcoal and clay washed
in, the fluctuations of water level would
also affect the deposition and reworking
of surface deposits. Such action is apparent
each spring on Mason Fen. After spring

thaws, the swollen rivulets overflow

their channels and cari^' peat debris,

organic detritus, and silt out onto the fen

surface away from the streams. This ma-
terial is obvious in silty patches from late

Ma}'^ to early June. By mid-July, after the

large daily water-level fluctuations occur,

these deposits disappear, presumably re-

worked do\\^l into the peat.

The peat profiles in Mason Fen suggest

another factor in peat development.

Along transect c three sharp changes in

peat depth occurred (Fig. 4). The first

change, at 85 m, is related to an abrupt

decrease in elevation. The lower two
changes are associated with surface pools.

One hypothesis of peat development on
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100 140 180 220

DISTANCE (METERS)

260

Fig. 4. Peat profiles along the longitudinal transects in Mason Fen. Dotted areas 1 and 2 show
location of pools.

sloping ground is that gravity pulls the

peat mass downward like a seniiliquid

(Pearsall 1956). Slow movement and un-
balance may eventually result in a split

in the peat mass, and slumping. In the

resulting gap, and possibly also from the

downslope ridge, an elongated pool forms
at right angles to the slope (Moore and
Bellamy 1973). The profile along transect

c conforms to this hypothesis.

Additional support of downslope move-
ment of the peat mass is given in the

comparison of the profiles of 1958 and
1972 along transect h (Fig. 5). Slopes

are to the north along the transect as well

as across it to the east. Since 1958 peat
has accumulated about 16 cm on both
ends, but the bulk of the peat mass ap-
parently has shifted downslope to the
north and east with a resultant decrease
in maximum peat depth. The most ob-

vious evidence of fen growth has been the
downslope extension of Mason Fen be-

yond the limits mapped by Mason and
Langenheim and the death of numerous
lodgepole pines {P'lnus murrayana Grev.

& Balf. ) by peat encroachment. But in-

creases in peat depth along a sloping tran-

sect are more or less balanced by de-

creases elsewhere.

Peatlands are repositories of consider-

able ecological history. The preserved re-

mains of vegetation can be used both to

reconstruct past surrounding comminiities
and to give some indication of climate and
chronology. They also contain evidence

of their own succession. But the interpre-

tation of such remains requires some un-
derstanding of the way the peatland

grows, changes, and functions (Walker
and Walker 1961). Peat profiles given in

this paper and previous studies help to

show the j)rocesses of the fens in the

Sagehen Creek basin.
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Fig. 5. Peat profile along transect b in 1958 and 1972. Slope is from south to north and surface

elevation changes 158 cm along the transect.
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OPPORTUNISTIC FEEDING IN SCELOPORUS HORRIDUS
FROM JALISCO, MEXICO

Philip A. Medical and Rudolf G. Arndt2

Abstract.— Based on a sample of 17 adult specimens of Sceloporus horridus taken near Autlan,

Jalisco, Mexico in May 1974 just before and just after the first rainfall of the year, we present the

first published data on the food habits of this lizard. Important prey item taxa were Homoptera,

Coleoptera, Hymenoptera, Orthoptera, and Isoptera. The absence of Homoptera and Orthoptera, and

the concomitant greater relative importance of Isoptera and Hymenoptera in the diet after the rain

than before indicates opportunistic feeding by S. horridus. Our data suggest that reproduction in this

lizard is probably initiated soon after the first rains in late spring.

In May 1974 we made several small

collections of amphibians and reptiles in

the vicinity of Autlan, Jalisco, Mexico.

The noteworthy specimens collected have
been reported elsewhere by Medica,
Amdt, and Dixon (1975). Here we report

the results of a food habits study based

on a sample of 17 sexually mature Sce-

loporus horridus obtained some 10 km SE
of Autlan just prior to and just after the

first rainfall of the year. Reproductive
condition was also noted at the time of

autopsy.

Methods and Materials

On 15 and 16 May 1974, just prior to

the first rainfall of the year and after a

period of about seven months without
precipitation, we collected by noosing six

specimens of S. horridus sunning them-
selves on fence row posts on the edges
of fallow agricultural fields. The area is

at an elevation of 945 m near a thorn
forest. On 19 May, after a heavy rain the

evening before, we took 1 1 more lizards

in the same manner and at the same lo-

cality for the purpose of comparing food

items. All lizards were preserved in 10
percent formalin within three hours of

capture.

Lizard stomachs were later removed
and the total volume of the contents de-

termined by measuring the displacement
of water in a graduated centrifuge tube.

The contents were then identified to order
and, when possible, to family and the
volume of each taxon estimated to the
nearest hundredth of a milliliter.

Specimens are deposited at Brigham
Young University (BYU 41476-41486)
and at the National Museum in Mexico
City.

Results and Discussion

A greater variety of food was found in

the sample of lizards obtained prior to the

first rainfall than after (Table 1 ) . Ho-
moptera were represented in stomachs by
the greatest percent volume (22.0 per-

cent), but this taxon ranked relatively

low (16.6 percent) in percent frequency.

The comparatively large volume of Ho-
moptera resulted from a large cicada in

one lizard. Coleoptera were found in the

greatest percent frequency (83.3 percent),

and this order ranked third (15.6 percent)
in percent volume. Hymenoptera (For-

micidae) were also an important prey
group and ranked second (18.7 percent)

in percent volume and second (50.0 per-

cent) in percent frequency. Orthoptera
and Isoptera (Rhinotermitidae) both were
relatively important in percent frequency
(33.3 percent), and the former made up
15.3 percent of the percent volume while
the latter comprised 1.8 percent. Diptera
and Lepidoptera were minor prey. The
relatively large percent volume (9.5 per-

cent) of plant material was due primarily
to a large piece of woody material found
in one stomach. This was probably in-

gested incidental to arthropod prey.

After the rain the stomachs contained
no Orthoptera or Homoptera. Hymenop-
tera (ants) were found in the greatest

percent frequency of occurrence (81.8

percent) and ranked second (21.4 per-

cent) in percent volume. Isoptera (winged
forms) were the largest in percent volume
(48.4 percent) and second (72.7 per-

(ent) in percent frequency. Diptera
were a nuich more common prey group
now in terms of both percent volmne and
percent frequency than before the rain,

while coleopterans, which were important

*UCLA, P.O. Box 495, Mercury, Nevada 89023.
'Faculty of Natur/il Scienros & Matliomntits, Stotklon Stale CollcKf. I'oiiinna, Jersey 08240
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Table 1. Stomach analysis of 17 Sccloporus horridus taken before and after the first rainfall of

the year from the vicuiity- of Autlan, Jalisco, Mexico. V is the volume of the stomach contents (ml),

%V is the percent volume, and %F is the percent frequency of occurrence.

Order

May 15-16, 1974
Before rain

V %V %F

May 19, 1974
After rain

V %V %F

Orthoptera
Isoptera

Rhinotermitidae
Homoptera
Coleoptera
Lepidoptera
Diptera
Hymenoptera
Formicidae

Other
Unident.
Plant
Stones

Totals

.70 15.3 33.3

.08
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CORRECTION FOR: CARI. E. BOCK AND LARRY W. LEPTHIEN,
DISTRIBUTION AND ABUNDANCE OF THE BLACK-BILLED

MAGPIE {PICA-PICA) IN NOR IH AMERICA. GREAT
BASIN NATURALIST 35 (3) : 269-272.

Due to an unfortunate oversight, the

the featured illustration on page 270 of

the above article was poorly reproduced
and of inadequate size to convey the in-

tended meaning. With our apologies to

the authors, it is reproduced here as it

should have appeared with the original

article. —Ed.

Fig. 1. Winter abundance pattern of the Black-billed Magpie, based on Christmas count data. Open
blocks = no birds observed; four degrees of shading represent >5.0, 3.0-4.9, 1.0-2.9, and <1.0 birds
per party-hour, respectively.

Ill



NOTICE

All issues of Volume 35 (1975) of the Great Basin Naturalist

were distributed later than the dates published m the journal. The

actual mailing dates for each issue were as follows:

No. 1 — 12 May 1975

No. 2 — 4 August 1975

No. 3 — 30 January 1976

No. 4 — 22 March 1976



NOTICE TO CONTRIBUTORS

Original manuscripts in English pertaining to the biological natural history of

western North America and intended for publication in the Great Basin Naturalist

should be directed to Brigham Young Universit}', Stephen L. Wood, Editor, Great

Basin Naturalist. Provo, Utah 84602.

Manuscripts. Two copies are required, typewritten, double spaced throughout on
one side of the paper, with margins of at least one inch on all sides. Use a recent issue

of this journal as a format, and the Council of Biological Editors Style ManuaL Third
Edition (AIBS, 1972) in preparing the manuscript. An abstract, about 3 percent as

long as the text, but not exceeding 200 words, and written in accordance with Bio-

logical Abstract guidelines, should precede the introductory paragraph of each article.

Authors may recommend one or two reviewers of their article.

Illustrations and Tables. All illustrations and tables should be made with a view
toward having them appear within the limits of the printed page. Illustrations that

form a part of an article should accompany the manuscript. Illustrations should be
prepared for reduction by the printer to either a single-column (2% inches) or double-

column (5^/2 inches) width, wath the length not exceeding 7I/2 inches.

Costs Borne by Contributor. Authors should be prepared to contribute $10 per
printed page toward publication of their article (in addition to reprint costs). No re-

prints are furnished free of charge. A price list for reprints and an order form are
sent with the proof.

Reprint Schedule of the Great Basin Naturalist

2pp. 4pp. 6pp. 8pp. 10pp. 12pp. Each
100 copies $20 $23 $26 $29 $32 $35 Additional

200 copies 26 29 32 35 38 41 2pp.

300 copies 32 35 38 41 44 47 $3



TABLE OF CONTENTS

The Hydrophyllaceae of Utali. N. Duane Atwood 1

Second occurrence of the long-nosed snake. Rhinocheilus lecontei lecontei.

in Idaho. George B. Pendlebury 56

New records and species of Tetranychidae and Tenuipalpidae (Acarina)

from Utah and Idaho. Donald M. Tuttle and Edward W. Baker 57

Implications of symbiotic nitrogen fixation by desert plants. R. B. Farns-

worth, E. M. Romney. and A. Wallace 65

The pattern of esterase variation in the Miniulus glabratus complex
(Scrophulariaceae). Sun Szen Hsu and Robert K. Vickery, Jr 81

Life cycle and incidence of Diplostornutn spathaceutn Rudolphi (1819)
(Trematoda: Diplostomatidae) in Utah. James R. Palmieri, Richard A.
Heckmann, and R. Scott Evans 86

The effects of leech behavior on penetration and localization of Apatemon
gracilis (Trematoda: Strigeidae) cercariae and metacercariae. James
R. Palmieri and Hugo A. James 07

Peat depth of Sierra Nevada fens and profile changes from 1958 to 1972

in Mason Fen. Don C. Erman 101

Opportunistic feeding in Sceloporus horridus from Jalisco. Mexico. Philip

A. Medica and Rudolf G. Arndt 108

Correction for: Carl E. Bock and Larry W. Lepthien. distribution and
abundance of the Black-billed Magpie {Pica pica) in North America.
Great Basin Naturalist 35(3): 269-272 Ill



HEGREAT BASIN NATURALIST
ijme36No.2 June30,1976 BrighamYoung University

S-G72G g

mus. comp. zoou.
uibrarv

JAN 4 '1977

HARVARD



GREAT BASIN NATURALIST

Editor. Stephen L. Wood, Department of Zoology, Brigham Young University, Provo,

Utah 84602.

Editorial Board. Kimball T. Harper, Botany; Wilmer W. Tanner, Zoology; Stanley L.

Welsh, Botany; Clayton M. White, Zoology.

Ex Officio Editorial Board Members. A. Lester Allen, dean. College of Biological and

Agricultural Sciences; Ernest L. Olson, director, Brigham Young University Press,

University Editor.

The Great Basin Naturalist was founded in 1939 by Vasco M. Tanner. It has

been continuously published from one to four times a year since then by Brigham
Young University, Provo, Utah. In general, only original, previously unpublished
manuscripts pertaining to the biological natural history of the Great Basin and western
North America will be accepted. Manuscripts are subject to the approval of the editor.

Subscriptions. The annual subscription is $9 (outside the United States $10). The
price for single numbers is $3 each. All back numbers are in print and are available

for sale. All matters pertaining to the purchase of subscriptions and back numbers
should be directed to Brigham Young University Press, Marketing Department, 204
UPB, Provo, Utah 84602.

Scholarly Exchanges. Libraries or other organizations interested in obtaining this

journal through a continuing exchange of scholarly publications should contact the
Brigham Young University Exchange Librarian, Harold B. Lee Library, Provo, Utah
84602.

Manuscripts. All manuscripts and other copy for the Great Basin Naturalist
should be addressed to the editor as instructed on the back cover.

© 1976 Brigham Young University Press. All rights reserved

Printed in United States of America

9-76 650 19758



The Great Basin Naturalist
Published at Provo, Utah, by

Brigham Young University

Volume 36 June 30, 1976 No. 2

A SYSTEMATIC REVISION OF THE GENUS LAELAPS S. STR.
(ACARI: MESOS riGMATA) OF THE ETHIOPIAN REGION^

C. Selbv Herrin- and Vernon J. Tipton-

Abstract.— This paper presents the results of a systematic study of mites of the genus Laelaps
s. str. collected from small mammals of the Ethiopian region. Specimens taken from approximately
100.000 small mannnals were examined from a wide variety of habitats and localities. The Ethiopian
fauna of Laelaps mites includes 31 species. 4 of wliich are described as new: L. parasimillimus, L.

tnyomys. L. malacomys. and L. aconiys. A rmmerical taxonomic analysis was made, the results of

which were used in the preparation of a proposed classification of the African species of Laelaps. A
key for identification of females is given, and females and males (where known) of all species are

illustrated. Diagnostic characters are given for the female and male of each species. Collection

data and, where pertinent, discussions of morphological characters and variability are i)rovided. Also
included are discussions of host-parasite associations.

The objective of this paper is to present

a systematic revision of the genus Laelaps
s. str. (i.e., not inckiding species of

Echinolaclaps Ewing) of the Ethiopian
region. There has been no recent pubHca-
tion which presents a sufficiently compre-
hensive taxonomic review of this group
of mites in Africa. Because of the great

similarity as well as diversity among the

Laelaps species in Africa, there has been
a definite need for a complete, compre-
hensive revision of this group of mites.

This need is increased by the great di-

versity of Laelaps taxa found in the col-

lections from the Smithsonian African
Ectoparasite Project.

Several scientists have contributed
greatly to the knowledge of parasitic

Laelaps mites of the Ethiopian region.

Stanley Hirst (1912 to 1925) described as

new seven species of African Laelaps,
which were included in Bedford's (1932,
1936) checklists of ectoparasites of Ethio-
pian vertebrates. During the years be-

tween 1937 and 1954 Charles Radford
published several papers dealing wdth new
species and new host and collection rec-

ords. In the 1950s and 1960s additional

contributions were made by Drs. F.

Zumpt, R. Taufflieb, H. L. Keegan, and

M. Lavoipierre. They were responsible

for the description of 21 Laelaps species

and the publication of many new host and
locality records. Tipton (1960) treated

the genus Laelaps worldwide; however,
11 of the 32 species now known from
Africa were described after this work. In

his book Arthropod Parasites of Verte-

brates in Africa South of the Sahara,

Zumpt (1961) listed 22 species. The only
keys to the identification of African spe-

cies of the genus were those of Tipton

(1960) and Taufflieb (1959).

The concept of the genus Laelaps fol-

lowed in this paper is basically that of

Tipton (1960). That is, we do not feel

that Laelaps and Echinolaelaps should be
grouped together without at least separate

subgeneric status for each. Thus, this pa-

per deals only with Laelaps s. str. (sub-

genus Laelaps) as recognized by Tipton
(1960) and does not include Echinolae-

laps. The dorsal chaetotaxy signatures

followed in this paper are those of Hirsch-

mann (1957), and the morphological ter-

minologv is basicallv that of Evans and
Till (1965).

Following the discussion of taxonomy
and classification analyses and the identi-

fication key to females, each species is

^Supported by the Smithsonian-African Ectoparasite Project through contract (DADA 17-73-C-3042) of the Medical Re-
search and Development Command, Office of the Surgeon General, U.S. Army.

-Center for Health iind Environmental Studies. Brigham Young University, Provo, Utah 84602.
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treated as follows: synonymy, brief de-
scription of female and male (where
known), summary of all collection rec-

ords (literature as well as collections of

the African Mammal Project), and brief

discussion of differential diagnostic char-
acters and host-parasite relationships.

For the species described herein as new,
the collection records are presented in

more detail.

For each species described as new to

science, the holotype, allotype (where de-

scribed), and one or more paratypes are
to be deposited in the U.S. National Mu-
seum of Natural History, Washington,
D. C. Paratypes are to be deposited in

the collection of the South African Insti-

tute for Medical Research, Johannesburg,
South Africa, and in the collections of

the authors.

We acknowledge with gratitude the as-

sistance of the many people associated

with this study. Special thanks are given
to Dr. Henry W. Setzer for logistic sup-
port and to Dr. Deane P. Furman for re-

viewing the manuscript. We are grateful

to the South African Institute for Medical
Research (Dr. F. Zumpt) and the British

Museum, Natural History (Mr. K. H.
Hyatt, curator), for the loan of type
specimens, and to Dr. R. Taufflieb, who
.sent specimens from his personal collec-

tion. The Center for Health and Environ-
mental Studies provided the laboratory

si)ace and equipment used in this study.

Sheila E. Ford and Jerry N. Norton pre-

pared the illustrations.

Materials and Methods
Materials Utilized

Type specimens of most of the pre-

viously described Loclaps species of Africa
were obtained from various museums and
individuals for e.xamination and use in

the numerical taxonomic analyses. Where
type specimens were not available, posi-

tively identified representative specimens
from the ty[)e locality were obtained for

each species. Also, representative speci-

mens of the various taxa found in {\\o

collections of the Smithsonian-African
Ectoparasite Project were included in th(>

numerical taxonomic studies. The s[)eci-

mens (OTUs) included in the numerical
taxonomic analyses are listed in Table 1.

The following source abbreviations are
used in Table 1 and elsevvluM-e in llic [)a-

per: SAIMR = South African Institute

for Medical Research; AMP =^ African
Mammal Project; USNM = United States

National Museum of Natural History,
Smithsonian Institution; BMNH = Brit-

ish Museum (Natural History); Tauff-
lieb = Roger Taufflieb, Dakar, Senegal.
A list of 159 characters was compiled

for use in this study (Tables 2 and 3);
of these, 33 were qualitative and 126 were
quantitative (measurements). Each speci-

men selected for inclusion in the analyses
was examined and the value of each
character recorded on data forms. The
data were entered on computer punch
cards preparatory to the com])uter anal-

yses.

Computational and Analytical Methods

The computer analyses were j)erformed

on the IBM 360 model 65 computer at

the Brigham Young University Computer
Center using the Niunerical Taxonomy
vSystem of Multivariate Statistical Pro-

grams (NT-SYS) prepared by Dr. F.

James Rohlf and associates of the State

University of New York at Stony Brook.

The specific procedures used in the anal-

yses were as follows: (1 ) transformation of

the basic data matrix by standardization

(Sokal 1961); (2) computation of Pear-

son's product-moment correlation (Mich-
*^ner and Sokal 1957) and Sokal's (1961)
taxonomic distance to produce similarity

matrices; (3) analysis of each similarity

matrix by the UPGMA cluster analysis,

yielding a phonogram (a graphic presen-

tation of phonetic resemblance for each
matrix; and (4) cophenetic correlations

were computed to arrive at an estimate of

the degree of information transferred from
the similarity matrices to the phenograms.
The purpose of these numerical taxonomic
analyses was to objectively evaluate the

affinity or similarity between the taxo-

nomic units. The results of these analyses

were then used in making decisions re-

garding the validity of all previously de-

scribed Laclaps sjiecies as well as new
taxa included in the analyses. The final

propositi classification is based primarily

oil this |)liase of th(^ investigation.

Ri',sui,Ts AND DiscrssiON

Taxonojuic .Xnah ses

Prior to the iuiriieri(.d t.ixoiiomic anal-

yses, a pi-oposed c lassification of tlu^ genu^
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Table 1. Laelaps specimens included in the nnmericai taxonomic analyses.

Species Type Host Locality Source

L. transvaalensis

L. keegani
L. congoicola

L. parasimillimus ii. sp.

L. simillirnus

L. grenieri

L. thamnomys
L. kampalensis
L. moucheti
L. lavieri

L. nigeriensis

L. fritzumpti
L. lavoipirrrei

L. tillac

L. roubaudi
L. peregrinus
L. peregrinus
L. nuttalli

L. malacomys n. sp.

L. algericus

L. oraniensis

L. brandbergensis
L. zumpti
L. Tnyomys n. sp.

L. liberiensis

lamborni
setzeri

brazzai
benoiti

aethiopicus
vanxomereni
acomys n. sp.

bocquieri

L. spinifer

L. paraspinosus
L. breviperitremus
L. kochi

Paratype Otornys irroratus

Arvicanthis niloticus

Paratype Oenornys hypoxanthus
Holotj-pe DephoTuys defua
Paratype Thallotnys narnaquensis
Paratype Lemniscomys strialus

Paratype Thanujornys rutilans

Paratype Lemniscomys striatus

Paratype "rodents"
Paratype Mus bella

Holotype Crocidura sp.

Paratype Ratlus paedulcus
Paratype Lophuromys sikapusi

Paratype Lemniscomys griselda

Paratype Dasymys incomptus
Paratype Rhabdomys pumilio

Rhabdomys pumilio
S\nt>T5e Mus norvegicus
Holotype Malacomys edwardsi
Syntype Mus algericus

Syntype "field mice"
Paratope Petromyscus collinus

Holotype Mus Irilon

Holotype Myomys daltoni

Holotype Epimys defua
Syntype "Kapuku"
Paratype Praomys jacksoni
Paratype Praomys sp.

Paratope Mus bella

S>Titype "rats"

S>Tit\'pe "rodent"
Holotype Acomys spinosissineus

Parat\T3e Chryssochloris
leucorrhina

Hybomys sp.

Syntype Arvicanthis dorsalis

Paratvpe Acomys subspinosus
Arvicola terrestris

Transvaal, So. Africa SAIMR
Northern Nigeria SAIM3\
Brazzaville, Congo Taufflieb
Sou b re, Ivorj- Coast AMP
Transvaal, So. Africa SAIMR
Brazzaville. Congo Taufflieb
Brazzaville, Congo Taufflieb
Kampala, Uganda SAIMR
Yaounde. Cameroons Taufflieb
Brazzaville. Congo Taufflieb
Adu. Nigeria USNM
Kalahara, So. Africa Taufflieb
Yaounde. Cameroons Taufflieb
Transvaal. So. Africa Taufflieb
Brazzaville, Congo Taufflieb
Transvaal. So. Africa Taufflieb
(ORS) So. Africa AMP
Sierra Leone BMNH
Belekoam. Ivory Coast AMP
Tougoury, Algeria BMNH
Oran. Algeria BMNH
Brandberg. SW Africa SAIMR
Njoro. Kenya USNM
Casa Manee. Senegal AMP
Liberia BMNH
Karonga, Nyasaland BMNH
Ora. Western Nigeria SAIMR
Brazzaville. Congo Taufflieb

Brazzaville. Congo Taufflieb

Wanga. Kenya BMNH
So. Bugishu. Uganda BMNH
Manicaland, Rhodesia AMP
Brazzaville. Congo SAIMR

Congo Taufflieb

So. Africa BMNH
Transvaal. So. Africa USNM
Teheran Prov., Iran AMP

T.-VBLE 2. Quantitative characters (measure-
ments) of females used in the numerical taxo-

nomic analyses.

Gnathosoma
1. Greatest widtli at level of gnathosomal setae

2. Length from base to palpal trochanter
3. Lengtli of palps
4. Length 2nd chelireral segment
.5. Length chelae
6. Length distal hypostomal setae

7. Length medial hypostomal setae

8. Length lateral hypostomal setae
9. Length gnathosomal setae

10. Distance between gnathosomal setae
1 1

.

Distance medial hypostomal setae to gnatho-
somal setae

Ventei
12. Width sternal plate at level of coxae II

13. Median length sternal plate
14. Distance between setae st. 1

15. Distance betw-een setae st. 2
16. Distance between setae st. 3
17. Distance between setae st. 1 and st. 2
18. Distance between setae st. 2 and st. 3
19. Length setae st. 1

20. Length setae st. 2
21. Length setae st. 3

22. Length setae st. 4 (metastemal)
23. Least width genital plate between coxae IV
24. Greatest width genital plate

25. Total length genital plate

26. Length genital plate from 1st genital setae

to posterior end
27. Distance between 1st pair genital .setae

28. Distance between 2nd pair genital setae

29. Distance between 3rd pair genital setae

30. Distance between 4th pair genital setae

31. Length 1st pair genital setae

32. Length 2nd pair genital setae

33. Length 3rd pair genital .setae

34. Length 4th pair genital setae

35. Distance between genital plate and anal

plate

36 Greatest width anal plate

37. Length anal plate from anterior margin to

postanal seta

38. Distance between adanal setae

39. Distance from anterior margin anal plate to

adanal setae

40. Distance from adanal seta'^ to postanal seta

41

.

Length adanal setae

42. Length postanal seta

43. Length short setae of unarmed venter

44. Length longer setae of unarmed venter

45. Length metapodal plates

46. Width metapodal plates
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Legs
47. Greatest width coxa I

48. Midventral length coxa I

49. Length proximal seta coxa I

50. Length distal seta coxa I

5L Length anterior dorsal seta 1 of femur I

52. Length posterior dorsal seta 1 of femur I

53. Width genu I

54. Length tarsus I

55. Greatest width coxa II

56. Midventral length coxa II

57. Length anterior seta coxa II

58. Length posterior seta coxa II

59. Length tibia II

60. Width tibia II

61

.

Length tarsus II

62. Greatest width coxa III

63. Median length coxa III

64. Length anterior seta coxa III

65. Length posterior seta coxa III

66. Length genu III

67. Width genu III

68. Length tibia III

69. Length tarsus III

70. Greatest width coxa IV
71. Median length coxa IV
72. Length seta coxa IV
7^. Length trochanter IV
74. Width trochanter IV
75. Length femur IV
76. Length genu IV
77. Width genu IV
78. Length tibia IV
79. Length tarsus IV

Dorsum
80. Length of peritreme
81. Median length of dorsal plate

82. Greatest width of dorsal plate

83. Distance between setae r1

84. Distance between setae si

85. Distance between setae r2
86. Distance between .setae r5
87. Distance between setae i3

88. Distance between setae z1

89. Distance between setae i4

90. Distance between setae 7.2

91

.

Distance between setae i5

92. Distance between setae s6
93. Distance between setae SI

94. Distance between setae J2
95. Distance between setae J3
96. Distance between setae J4
07. Distance between setae Z4
08. Distance between setae S4
99. Distance between setae J5

100. Distance between setae Z5
101. Distance befvveeii setae si and i4

102. Distance between setae i4 and i5

103. Distance between setae 7.1 and z3
104. Distance between setae i5 and .13

105. Distance between setae J4 and Z5
106. Distance between setae .15 and posterior eiul

of dorsal plate

107. Length of seta i1

108. I,engt}i of seta r1

109. Length of seta si

110. T,ength of seta i2

111. Length of seta s2

112. Length of seta r2

113. Length of seta r3

114. Length of seta r4
115. Length of seta s5

116.
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15. Position of adanal setae relative to anal

orifice:

( 1
) Posterior to anal orifice

(2) Slightly posterior to middle of anal

orifice

(3) At level of middle of anal orifice

(4) Slightly anterior to middle of anal

orifice

(5) Anterior to anal orifice

16. Form of adanal setae:

(1) Setaceous and slender

(2) Spinelike and stout

17. Anterior extension of peritreme:

( 1 ) Anterior of co.xa I

(2) Middle of coxa I

(3) Posterior of coxa I

(4) Anterior of coxa II

(5) Middle of coxa II

18. Chitinization of anterolateral margins of dor-

sal plate:

(1) Normal chitinization

(2) Heavily rliitinized

19. Number of setae on dorsal plate

20. General form of central and anterior dorsal

setae:

(1) Setaceous

(2) Spinolike. stout and short

Legs
21. Form of distal seta of coxa I:

(1) Setaceous

(2) Spinelike

(3) Peglike
22. Form of proximal seta of coxa I:

(1) Setaceous

(2) Spinelike

(3) Peglike
23. Form of proximal ventral seta of trochanter I:

(1) Setaceous

(2) Spinelike
24. Relative length of pd 1 seta of femur I:

(1) Subequal to ad 1 seta

(2) About 1.5 times length of ad 1 seta

(3) Two times or more length of ad 1 seta

25. Form of anterior seta of coxa II:

(1) Setaceous

(2) Spinelike

(3) Peglike
26. Form of posterior seta of coxa II:

(1) Setaceous

(2) Spinelike (acute)

(3) Peglike (blunt)
27. Form of ventral proximal seta of trochanter

II:

(1) All setaceous

(2) One spinelike

(3) Two spinelike
28. Form of preapical setae of tarsus II:

(0) All setaceous

(1) One spinelike

(2) One peglike

(3) Two spinelike

(4) Two peglike

(5) One spinelike and one peglike

(6) Three spinelike

(7) Three peglike

(8) Two spinelike and one peglike

(9) One spinelike and two peglike

(10) Four peglike
29 Form of anterior seta of coxa III:

(1) Setaceous

(2) Spinelike
(3) Peglike

30. Form of posterior seta of coxa III:

( 1 ) Setaceous

(2) Spinelike

(3) Peglike
31. Form of preapical setae on tarsus III:

(0) All setaceous

(1) One spinelike

(2) One peglike

(3) Two spinelike

(4) Two peglike
32. Form of ventral seta of coxa IV:

(1) Setaceous

(2) Spinelike

(3) Peglike
33. Form of preapical setae on tarsus IV:

(0) All setaceous

(1) One spinelike

(2) One peglike

(3) Two spinelike

(4) Two peglike

(5) One spinelike and one peglike

(6) Three spinelike

(7) Three peglike
(8) Two spinelike and one peglike

(9) One spinelike and two peglike

Laelaps s. str. was prepared based upon
classical taxonomic methods (i.e., con-

sideration of unequal weight ^ven to a

sinaller number of key characters). This
proposed classification, as presented in

Table 4, defines three major groups
{similUmus group, nuttoUi group, and
vansomereni group) based primarily upon
the form of the proximal and distal setae

of coxa I. The arrangement of taxa with-

in the three groups is based on subjec-

tive judgments after ha\ang examined
representative specimens of all taxa. No
subgroups were defined in this arrange-

ment.
Figure 1 summarizes the taxonomic re-

lationships given by the UPGMA cluster

anaylsis of a standardized correlation co-

efficient matrix based upon an original

data matrix of 37 OTUs and 159 charac-

ters. The cophenetic correlation coefficient

for this phenogram (Fig. 1) was 0.669,

which is not too high, yet higher than that

for the phenogram of the taxonomic dis-

tance matrix. A phenon line drawn ver-

tically across the phenogram at the 0.09

level defines eight clusters denoted as

A-H. It should be noted here that the

primary interest in the phenogram is in

the grouping of taxa rather than the

relative levels at which taxa and clusters

link with each other. Also, it should be

kept in mind that the vertical ordering

of taxa and clusters is not significant, i.e.,

each cluster may be rotated on its hori-

zontal axis by 180 degrees without alter-

ing any relationships.

Generally, the correlation between the
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L. simillimus
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L. roubaudi
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L. lavoipierre

L. moucheti

L. bocquieri

L. paraspinosus
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L. malacomys n.sp

L. spinifer

L. kampale sis

L. tillae

L. peregrinus 1

L peregrinus 2

L. thamnomys

L. fritzumpti

L. lavieri

L. nigerlensis

L. nuttalli

L. liberiensis

L. lamborni

L. setzeri

L. benoiti

L. algerlcus

L. aethiopicus

L. brandbergensis

L. acomys n. sp.

L. oraniensis

L. zumpti

L. brazzai

L. myoniys n. sp.

L. vansonereni

L brevlperitremus

B

F

G

-0.21 0-24 0.39 0.84

Fig. 1. Phenogram obtained from UPGMA cluster analysis of standardized rorrelatioii matrix

based on 159 diararters by 37 OTl' data matrix.

two classification arrangements is cjuite

good, es])ecially in the similarity between
taxa. The first six taxa (L. transvaalensis.

L. keegani, L. congoicola, L. parasimilli-

mus n. sp., L. simillimus. and L. grenieri)

of the a priori defined simillimus group
formed the first cluster (A) of the pheno-

gram, but with two taxa (/.. laroipierrei

and L. roubaudi) of the nuttalli group in-

cluded also. Of the eight taxa in cluster

A. /.. simillimus and L. parasimillimus are

the most similar. Based on the numerical

taxonomic analysis (phenogram) alone.

one might be tempted to synonymi/.e these
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Table 4. Preliminary proposed classification

of the genus Laelaps s. str. l)ase(I on classical

taxonomic methods prior to the numerical taxo-

nomic analysis.

simillimus group
L. transvaalcnsis '/unipt, lOiO

L. kecpani Thiu-maii. 10i8 (= L. berlesi Kee-

L. mouclicti Taufflieh. 1959

L. lavicri Taufflieh. 1954 (= L. nigeriensis

Keegan. 1962)

L. fritzumpti Tauffliel). 1964

luittalli group
L. lavoipicrrei Taufflieh. 1954
L. tillar Taufflieh. 1959
L. roubaudi Taufflieh. 1954
L. percgrinus Taufflieh. 1959
L. nuttaUi Hirst, 1915
L. malacomys n. sp.

L. brandbergcnsis Taufflieh. 1959

L. zumpti Keegan. 1956
L. myomys n. sp.

L. liberiensis Hirst, 1925 (= /.. lamborni Hirst.

1925)
L. setzeri Coffev. 1971
L.brazzai Taufflieh, 1962
L. benoiti Taufflieh, 1964

vansomereni group
L. aethiopicus Hirst. 1925
L. vansomereni Hirst, 1923
L. acomys n. sp.

L. bncquieri Taufflieh, 1962
L. spinifer Taufflieh. & Mouchet. 1956
L. paraspinosus Tipton. 1960 ( = L. parvulus

Hirst. 1923)
L. breviperiiremus CGaiTett & Strandtmann.

1967)

two taxa, bvit there are several quite dis-

tinctive morphological key characters sep-

arating them (see identification key).
The placement of L. lavoipicrrei and L.

roubaudi in cluster A of the phenogram is

based on overall jihenetic resemblance
(i.e., 159 characters weighted equally)
rather than consideration of several key
characters as in the classical taxonomic
arrangement. In the phenogram L. mou-
cheti is included in cluster B, which in-

cludes taxa of the a priori vanf^omereni
group. Tn examining the basic data ma-
trix, it appears that L. rnoucheti and L.

bocquicri are phenetically similar in char-

acters related to length of setae, especialh'

dorsal body setae. This was supported by
an additional numerical taxonomic anal-

ysis in which the number of characters
was reduced to 105, eliminating highly
correlated characters, especially those re-

lated to length of setae. In the resulting

phonogram L. ruouchvti was included in
chisU^r A and most similar to L. trans-

raalcnsis. T.. tnalacornys n. sp., which was
originally placed in the inittaUi group, is

inc hided in cluster B of the phenogram
wilh L. spinifer, most likely because of the
many peglike and sj)inelike leg and body
setae, characteristics which are more typi-

cal of taxa of the vansomereni group. It

should be noted that /.. kochi of cluster B
and L. algericus and L. oraniensis of clus-

ters E and F were included in the numeri-
cal taxonomic analysis, even though they
are not indigenous to the Ethio})ian region,

because of their similarity to taxa from
this region and because their distribution

includes northern Africa (Palearctic re-

gion
) , which borders the Ethiopian re-

gion on the north.

The four remaining taxa of the a priori

defined simillimus group (L. thamnomys,
L. kampalensis, L. lavieri, and L. fritz-

umpti) were divided between two closely

related phenogram clusters (C and D).
L. kampalensis appears in cluster C with
L. tillae and L. peregrinus. two taxa of the

nuttalli group. Cluster D consists of the

remaining three taxa, L. thamnomys, L.

fritzumpti, and L. lavieri. Prior to the

numerical taxonomic analysis, L. lavieri

and L. nigeriensis were determined to be
synonyms, and this seems to be confirmed
by their placement in the phenogram.

Cluster E contains six taxa of the a
priori defined nuttalli group plus L. aethio-

picus of the vansomereni group. Prior to

the numerical taxonomic analysis, L. lib-

eriensis and L. larnborni were determined
to be synonymous, and this seems to be
confirmed by their placement in the

phenogram. The close phenetic relation-

ship between L. liberiensis. L. setzeri, L.

benoiti. and L. algericus was confirmed by
the rmmerical taxonomic analysis. The
low level at which L. aethiopicus joins

cluster E poses some question on its actual

phenetic resemblance with the nuttalli

group.

Clusters F and G consist of all remaining
taxa of the previously defined nuttalli

grou[) j)lus L. acomys n. sp., which was
originally placed with the vansomereni
group. These two clusters join together be-

fore either joins with any other cluster,

thus confirming the ])henetic relationship

among the five taxa involved. The final

cluster (H ) consists of L. vansomereni and
L. breviperitremus. In the previously
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noted numerical taxononiic analysis based

on 105 characters, L. vansomereni joined

L. aethiopicus prior to their inclusion in

a particular cluster, thus giving some
validity to the a priori defined close

phenetic relationship between these two
taxa.

Systematics of the Genus Laelaps s. str.

After critical study of the numerical
taxonomic analyses and close examination
of as many specimens of each taxa as were
available, a final proposed classification

of the genus Laelaps s. str. was prepared
(Table 5). The taxonomic groupings in

this proposed classification are based pri-

marily on overall phenetic resemblance
as determined by both classical and nu-

merical taxonomic evaluations. We found
no set of key characters which may be

used to completely and definitively sep-

arate all these groups, especially the sub-

groups. The 31 taxa described in this paper
are treated in the same order as listed in

Table 5. The following identification key
reflects to some degree the phenetic rela-

tionships between most taxa as presented
in the proposed classification; however,
it should be kept in mind that the key is

based on sets of diagnostic qualitative

characters, whereas the proposed classifi-

cation is based more on overall phenetic

resemblance.

The taxa of the three major grou]is

(I, II and III) of the proposed classifica-

tion are separated primarily on the form
of the proximal and distal setae of coxa

I. The taxa of major group I, except for

L. lavoipierrei, may be distinguished by
both coxa I setae being setaceous. The dis-

tal seta of coxa I of L. lavoipierrei is very
small but bhmt and peglike. The taxa of

major group II may be basically distin-

guished by the blunt, peglike distal seta

and setaceous proximal seta of coxa I,

with but two exceptions: L. kampalensis
bears a setaceous seta both proximally and
distally on coxa I, and L. aethiopicus bears

a blunt, peglike seta both jiroximally and
distally on coxa I. Major group III con-

tains taxa bearing a blunt, peglike seta

both proximally and distally on coxa I.

Table 5. Final proposed classification of the

genus Laelaps s. str.

Major gioup I

Subgroup A
L. similUmus Zuinpt, 1950
L. parasirnillimus n. sp.

L. keegani Thurman. 1958
L. trnnsvaalensis Zumpt. 1950
L. congoicola Taufflieb. 1959
L. lavoipierrei Taufflieb, 1954
L. grenieri Taufflieb. 1954

Subgrou]! B
L. lavieri Taufflieb. 1954
L. frilziimpti Taufflieb. 19fi4

L. thnmnomys Taufflieb. 1954
T.. rnnucheti Taufflieb. 1959

Major group II

Subgroup A
L. kampalensis Taufflieb. 1959
T.. lillae Taufflieb. 1959
/,. peregrinus Taufflieb. 1959
L. roubaiidi Taufflieb. 1954

Subgroup B
r,. nuttalli Hirst. 1915
/,. aethiopicus Hirst. 1925
r.. liberiensis Hirst, 1925
/., setzrri Coffey. 1971

L. henoiti Taufflieb, 1964
Subgroup C

L. hrandbergensis Taufflieb. 1 959
T.. zumpti Keegan. 1956
L. hrazzai Taufflieb, 1962
L. rnyomys u. sp.

L. malacomys n. sj).

Major group III

Subgioup A
L. vansomereni Hirst. 1923
L. acomys n. sp.

Subgroup B
L. spinifer Taufflieb and Mouchow 1956
L. paraspinosus Tipton. 1960
T.. hoc(juirri Tauffliel), 1962
L. hreriperitrcmus (Gairett and

Strandtiuann. 1967)

Key to Species of Laelaps from Small Alannnals of Africa

(Females)

1. Distal seta of coxa I setaceous 2

Distal seta of coxa I spinelike or peglike 1-

2(1). Tarsi II and III with all pnvjpical setae s(Ma((>ous oi- at most \\itli one
spinelike ^

At least one blunt, peglike [)reapical seta on tarsi II and III K'

3(2). Smaller species, dorsal plate less than 575 /i long 1

Larger species, dorsal plate greater than 575 n long *•
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4(3). Anal plate distinctly longer than wide; adanal sotae short, length

no greater than length of anal orifice; proximal seta of coxa I

long, almost twice as long as distal seta (Figs. 14-17)

L. transvaalensis Zumpt
Anal plate as wide as or wider than long; adanal setae distinctly long-

er than length of anal orifice; proximal seta of coxa I not unusually
long 5

5(4). Posterior seta of coxa II long, setaceous or spinelike, never blunt and
peglike; posterior seta of coxa III short and spinelike (Figs. 8-11)

L. keegani Thurman
Posterior seta of coxae II and III always blunt and peglike 6

6(5). Posterior margin of sternal plate moderately invaginated, at least to

level of setae st. 3; first sternal setae long, extending distinctly be-

yond posterior margin of sternal plate (Figs. 20-21)
L. congoicola Taufflieb

Posterior margin of sternal plate only slightly, if at all, invaginated;
first sternal setae shorter, not extending near to posterior margin
of sternal plate 7

7(6). Adanal setae rather short, not extending to base of postanal setae; un-
armed venter bearing more than 10 })airs of rather short setae ad-

jacent to genital and anal plates (Figs. 6-7) L. parasimillimus n. sp.

Adanal setae longer, extending to or beyond base of postanal seta;

unarmed venter bearing less than 10 pairs of medium-length setae

adjacent to genital and anal plates 8

8(7). Metapodal plates rather narrow elongate; distance between 2nd geni-
tal setae distinctly less than distance between 3rd; sternal plate
length /width ratio less than .75 (Figs. 2-3) L. similUmus Zumpt

Metapodal plates irregularly oval, not so narrow and elongate; dis-

tance between 2nd genital setae greater than or equal to distance
between 3rd; sternal plate length/ width ratio greater than .75

(Figs. 28-29) L. grenieri Taufflieb

9(3). Posterior margin of sternal plate only slightly invaginated med-
ially; greatest width of genital plate at level of 3rd genital setae;

distance between 1st genital setae equal to or less than distance be-

tween 4th genital setae (Figs. 43-44) L. thamnomys Taufflieb
Posterior margin of sternal plate moderately invaginated, to or

slightly beyond level of 3rd sternal setae; greatest wddth of genital
plate at level of 2nd genital setae; distance between 1st genital se-

tae distinctly greater than distance between 4th genital setae (Figs.

54-55) L. kampalensis Taufflieb

10(2). Dorsal plate with 38 pairs of rather small setae, especially more cen-
trally located setae, setae px3 absent; anterior margin of anal plate
rounded; medial hypostomal setae short, extending no further than
half fhstance to gnathosomal setae (Figs. 47-51) .... L. mouchcti Taufflieb

Dorsal })late with usual 39 pairs of rather long setae; anterior mar-
gin of anal plate straight or slightly concave; medial hypostomal
setae longer, extending distinctly further than half distance to gna-
thosomal setae 11

11(10). Peritreme longer, extending anteriorly to middle or posterior of coxa
I; tarsi II and III each bear one blunt, peglike preapical setae, and
tarsus IV with no blunt preapical setae (Figs. 30-33) .. L. lavieri Taufflieb

Peritreme short, extending only to level of middle of coxa II; tarsi

II, III, and IV each bear two or more blunt, peglike preapical
setae (Figs. 36-40) L. frhzumpti Taufflieb
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12(1). Proximal seta of coxa I setaceous and elongate 13

Proximal seta of coxa I robust, short, and sjjinelike or peglike 25

13(12). Tarsi II, III, and IV with preapical setae setaceous or at most one
spinelilce - 14

Tarsi II, III, and IV with one or more blunt, peglike preapical ....

setae 17

14(13). Distal seta of coxa I small, slender yet blunt and peglike; proximal
seta of coxa I slender, setaceous; posterior margin of sternal plate

only slightly invaginated, no further than level of 3rd sternal setae .... 15

Distal seta of coxa I large, robust, blunt, and ]jeglike; proximal seta

of coxa I long and somewhat enlarged, almost elongate spinelike;

posterior margin of sternal plate moderately invaginated, distinctly

beyond level of 3rd sternal setae 16

15(14). Distance between 1st genital setae distinctly less than distance be-

tween 4th, and distance between 2nd distinctly less than distance

between 3rd; distal seta of coxa I very small, blunt, and peglike

(Figs. 24-25) L. Icwoipierrei Taufflieb

Distance between 1st genital setae distinctly greater than distance be-

tween 4th, and distance between 2nd greater than distance be-

tween 3rd; distal seta of coxa I not small (Figs. 56-57)

L. tillae Taufflieb

16(14). Distance between 2nd genital setae subequal to distance between 3rd;

smaller species, dorsal plate length less than 600 /x; peritreme ex-

tends anteriorly to level of middle of coxa I (Figs. 62-63)
L. roubaudi Taufflieb

Distance between 2nd genital setae distinctly greater than distance

between 3rd; larger species, dorsal plate length greater than 600
/.(.; peritreme extends anteriorly to level of middle of coxa II (Figs.

60-61) L. peregrinus Taufflieb

17(13). Peritreme extends anteriorly to near middle of coxa I 18

Peritreme extends anteriorly to near middle of coxa II 19

18(17). Gnathosomal setae slender, medium length, and setaceous; all ven-
tral setae of leg I slender, setaceous; adanal setae of moderate
length (Figs. 66-70) L. mitlalli Hirst

Gnathosomal setae long, robust, and almost spinelike; some ventral

setae of leg I short, robust, and spinelike or peglike; adanal setae

short (Figs. 119-123) L. myomys n. sp.

19(17) Seta pd 1 of femur I unusually long, nearly two times as long as

ad 1 seta; greatest width of genital plate at level of 2nd genital se-

tae; distance between 1st genital setae usually greater than distance

between 4th (Figs. 98-102) L. hrandhergcnsis Taufflieb
Seta pd 1 of femur I not unusually long, no more than 1.5 times as

long as ad 1 .seta; greatest width of genital plate at level of 3rd
genital setae; distance between 1st genital setae equal to or less

than (hstauce between 4th 20

20(19). Adanal setae short, not reaching to base of postanal seta; posterior

margin of sternal plate moderately in\ agiiialed, to or beyond level

of ^rd sternal setae; distance between 2nd genital setae equal to

distance between 3rd (Figs. 105-109) L. zumpti Keegan
Adanal setae longer, extending to or beyond base of postanal seta;

posterior margin of sternal plate oidy sliglitly invaginated or with
moderate invagination medially between pair of posterior projec-

tions, not invaginated near- to lev(^l of ^rd sternal setae; distance
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between 2nd genital setae distinctly less than distance between
3rd 21

21(20). Posterior margin of stenial plate only slightly invaginated, with
rather small pair of posterior projections, if at all 22

Posterior margin of sternal plate with slight to moderate invag-

ination hetweon pair of prominent posterior j)rojections 24

22(21). Tarsus II with three blunt, peglike j)reaj)ical setae; tarsus III with
four to five blunt, peglikc setae, two of which are j)reapical; distal

seta of coxa I more robust and enlarged; metapodal plates more
elongate; smaller species (Figs. 126-130) L. malacomys n. sp.

Tarsus II with only two blunt, peglike preapical setae; tarsus III

with two to three blunt, peglike setae, one of which is preapical;

distal seta of coxa I not so enlarged; metapodal plates more oval or

triangular; larger species 23

23(22). All dorsal setae long to medium in length, setae J5 extending to or

beyond posterior margin of dorsal plate (Figs. 77-81)

L. liberiensis Hirst

Anterior and all marginal setae long to medium in length, but pos-

terocentral setae rather small, setae J5 short, not reaching even to

level of setae Z5 (Figs. 84-88) L. setzeri Coffey

24(21). Sternal j)late distinctly wider than long, posterocentral dorsal setae

shorter, setae .14 not reaching near to level of J5, and J5 ex-

tending no further than posterior margin of plate (Figs. 112-116)
L. brazzai Taufflieb

Sternal plate approximately as long as wide; all dorsal setae rather

long, setae J4 extending almost to level of setae J5, and J5 extend-
ing beyond posterior margin of plate (Figs. 91-95) .. L. benoiti Taufflieb

25(12). Gnathosomal setae setaceous, never robust and spinelike or peglike 26
Gnathosomal setae robust, spinelike or peglike 28

26(25). First sternal setae long, extending beyond posterior margin of sternal

plate, well beyond level of setae st. 3; seta pd 1 of femur I shorter

than sternal setae; adanal setae slender, setaceous (Figs. 73-76)

- L. aethiopicus Hirst
First sternal setae shorter, not extending to posterior margin of ster-

nal plate or near to level of setae st. 3; seta pd 1 of femur I as long
as or longer than sternal setae; adanal setae rather robust and
spinelike 27

27(26). Anterior margin of sternal plate only slightly arched, posterior

margin only slightly invaginated; anal plate rounded, slightly

wider than long (Figs. 133-137) L. vansomereni Hirst
Anterior margin of sternal plate strongly arched, posterior margin

deeply invaginated; anal plate elongate, distinctly longer than
wide (Figs. 140-143) L. acomys n. sp.

28(25). Lateral hypostomal setae robust, slightly recurred, and peglike; an-
terior seta of coxae II and III robust, spinelike or peglike; peri-

treme extends to anterior of coxa I; dorsal plate with only 31 pairs

of mostly minute setae (Figs. 157-161) L. bocquieri Taufflieb
Lateral hypostomal setae setaceous; anterior seta of coxae II and

III setaceous; peritreme extends no further than anterior of coxa
II; dorsal plate with at least 37 pairs of medium to large setae 29

29(28). Anal plate broadly triangular, considerably wider than long; adanal
setae slender, setaceous; posterior margin of sternal plate irregular-
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ly straight to very slightly iiivaginated; all setae of trochanters I

and II setaceous; dorsal seta J5 very small (Figs. 146-149)
L. spinifer Taufflieb and Mouchet

Anal plate not unusually wide; adanal setae robust and spinelike or

peglike; dorsal seta J5 longer, extending to or beyond posterior

margin of dorsal plate 30

30(29). Dorsal plate with 37 pairs of setae, most medium length and se-

taceous, with posterior and lateral marginal setae long; all ven-

tral plate setae rather long and setaceous; more than 50 setae on
unarmed opisthosoma (Figs. 150-154) L. paraspinosus Tipton

Dorsal plate with 39-40 pairs of setae, anterior two-thirds robust

and spinelike, posterior one-third long and setaceous; sternal and
first three genital setae short, robust, and spinelike; many less

than 50 setae on unarmed opisthosoma (Figs. 164-165)
L. breviperitremus (Garrett and Strandtmann)

Major Group I

This major division of the genus is

characterized by both proximal and dis-

tal setae of coxa I being setaceous, ex-

cept for L. lavoipierrei in which the distal

seta is very small and slender, yet blunt
and peglike. This group is further di-

vided into two subgroups based primarily
on the form of the preapical setae of tar-

sus II.

Subgroup A
This subgroup consists of 7 taxa: L. si-

millimus, L. parasirnillimus. L. keegani, L.

transvaalensis, L. congoicola, L. lavoipier-

rei, and L. grenieri. All taxa of this sub-

group are characterized by having the pre-

apical setae of tarsus II setaceous or at

most somewhat spinelike, but never blunt
and peglike. These taxa clustered quite

closely in the numerical taxonomic anal-

ysis.

Laelaps (Laelaps) simillimus Zumpt
Figs. 2-5

Laelaps simillimus Zumpt, 1950, S. Afr. J. Med.
Sci. 15:81 (Holotype: Johannesburg, Trans-
vaal, South Africa; South African Institute

for Medical Research., .Johannesburg); Tipton,
1960, Univ. Calif. Publ. Ent. 16(6):282;
Zumpt, 1961. Publ. S.Afr. Inst. Med. Res.

9(1):29.

Description.— Female-. (Figs. 2-3)
Dorsal plate length 456 /., width 262 /x.

Gnathosomal and hypostomal setae se-

taceous; medial hypostomal setae long,
reaching almost to or slightly beyond base
f)f gnathosomal setae. Posterior margin of

sternal plate slightly invaginated, invagi-
nation reaching no fnrlhor than level of

3rd sternal setae; setae st. 1 of moderate
length, reaching to level halfway be-

tween setae st. 2 and st. 3. Anterior flap

of genital plate not overlapping posterior

margin of sternal plate; distance between
1st genital setae slightly greater than dis-

tance between 4th genital setae, and dis-

tance between 2nd genital setae slightly

less than distance between 3rd genital

setae; greatest width of genital plate at

level of 3rd genital setae. Anal plate

roundly triangular, as wide as or wider
than long, wath anterior margins rounded;
adanal setae of moderate length, extend-

ing to or slightly beyond base of postanal

seta; adanal setae set at level near pos-

terior end of anal orifice. Unarmed ven-

ter bears approximately nine })airs of

setaceous setae, four pairs adjacent to

genital and anal plate plus approximately
five pairs near or on posterior lateral

body margins; metapodal plates rather

elongate. Peritreme extends to level of

middle of coxa I. Dorsal plate bears 39
pairs of setaceous setae; most dorsal setae

of moderate length, length slightly less

thati (Hstaiu e between adjacent setae; sub-

terminal setae (J5) reaching at least to

level of base of setae Z5. Twelve to 16

pairs of setae border dorsal o])isthosoma

on soft integument. Both proximal and
distal setae of coxa I setaceous, |)roximal

seta somewhat longer than distal seta;

setae pd 1 and ad 1 of femur I relatively

short and subequal in length; anterior

seta of coxae II and III and seta of coxa
IV setaceous; posterior seta of coxae II

and III moderately robust, blunt, and
peglike; preapical setae of tarsi II and III

niosth' setaceous; however, one or two
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Figs. 4-5. Laelaps simillimus Zumpt, male. (4) venter; (5) dorsum, scale = 100/u.
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setae may be spinelike; all other leg

setae setaceous and normally (ieveloped.

Male: (Figs. 4-5) Gnathosomal and
hypostomal setae setaceous, with medial
hypostomal setae of moderate length but

not reaching to base of gnathosomal setae.

Ventral setae, except adanal and postanal

setae, of moderate length, each extending
in length beyond base of seta immediate-
ly posterior; holoventral plate broad be-

tween coxae II and III, narrowing con-

siderably between coxae IV and expanded
considerably posterior to coxae IV; ex-

panded area between genital setae and
anal orifice bears five pairs of setaceous

setae; adanal setae of moderate length ex-

tending slightly beyond base of postanal

seta; adanal setae set slightly posterior

to middle of anal orifice; postanal seta

somewhat more robust and longer than
adanal setae. Metapodal plates inappar-
ent; unarmed venter bearing 12 to 14
pairs of setae adjacent to holoventral plate.

Peritreme extends to level of middle or an-
terior of coxa I. Dorsal plate bearing 39
pairs of setaceous setae; length and posi-

tion of setae as in female. Both proximal
and distal setae of coxa I setaceous, proxi-

mal seta about 1.5 times as long as distal

seta; setae pd 1 and ad 1 of femur I rel-

atively short with seta pd 1 somewhat
longer than ad 1 ; anterior setae of coxae
II and III, posterior seta of coxa II, and
seta of coxa IV all setaceous; posterior seta

of coxa II rather long and setaceous,

whereas posterior seta of coxa III spine-

like; preapical setae of tarsi II and III

mostly setaceous; however, one or two on
each may be spinelike; all other leg setae

setaceous and normally developed.

COLLF.CTION RECORDS
Klephantulus intufi

South Africa; 1 coll. (1 female); AMP"*
Macroscelides proboscideus

South Africa (ORS"*); 1 coll. (1 female);
AMP

Tadarida midas
South Africa; 2 (oil. (2 females); AMP

Tatera afra
South Africa; Zumpt, 1961
Southwest Africa; Zumpt, 1961
Rhodesia; Zumpt. 1961

Tatera Irurngastrr
South Africa; 1 coll. (H females); AMP

Aethnmys chryxophilux
South Africa; Zumpt. 1961
Southwest Africa; Zumpt, 1961

Rhodesia; Zumpt, 1961

'AMP = African Mnnininl I'lojcd.

^ORS = Oiiingp Rivor Survey.

South Africa (Pretoria); Zumpt Collection
.(AMP)

South Africa; 27 coll. (64 females. 2 males);
AMP

Botswana; 1 coll. (1 female); AMP
Rhodesia; 1^ coll. (47 females, 1 male);
AMP

Aethomys namaquensis
South Africa (Transvaal); 32 females,

2 males (type specimens); Zumpt, 1950
South Africa (Kamanjab); Tipton, 1960

Lemniscomys griselda

Rhodesia; 1 coll. (1 female); AMP
South Africa; 1 coll. (1 female); AMP

Lophuromys aquilus
Congo-Leopoldville; 7 females; Taufflieb,

1964
Angola (Dundo); 7 females; Taufflieb. 1962

Mastomys natalensis

South Africa; 1 coll. (1 female); AMP
South Africa (ORS); 15 coll. (21 females,

2 males, 3 ny) ; AMP
Rattus sp.

South Africa (Transvaal); 1 female;
Taufflieb. 1964

Rhabdomys pumilio
South Africa; 3 coll. (5 females.

1 male, 1 ny); AMP
Unknown

Rhodesia; 1 coll. (1 female); AMP
South Africa; 15 coll. (19 females.

1 male); AMP

Remarks.— L. simiUimus closely re-

sembles most other taxa of subgroup A,
differing in several distinguishing charac-

ters. It differs from L. parasiniiUinius in

bearing only a few medium-length setae

ventrally adjacent to the genital and anal

plates, in the longer adanal setae, and in

the genital plate which is somewhat more
slender posteriorly. L. shuillimus may
be separated from L. grenieri by the nar-

rower more elongate metapodal plates,

the smaller length width ratio of the ster-

nal plate (less than .75), and by the dis-

tance between the 2nd genital setae being

distinctly less than that between the 3rd

genital setae. It may be easily separated

from L. keegoni by the blunt, jieglike

seta po.steriorly on coxae II and III, and
from /.. transvaalcnsis by the significantly

longer adanal setae, the broader anal plate,

and the generally more elongate dorsal

plate. In L. congoicola the 1st sternal

setae are longer, reaching to or beyond
the moderately invaginated posterior mar-
gin of the sternal plate. As noted jirevious-

ly, L. laroipirrn'i (Hffers in the very

small, blunt distal seta of coxa I.

L. sifnillirnus has iieeii collected almost

exclusivelv from southern Africa, reach-
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ing no further north than Angola and
Congo-LeopoldA ille. It is recorded from
a variety of small mammals, but pri-

marily from species of Actliornys, and most
frequently from Aethomys chrysophilus.

Laelaps {Laclaps ) parasiniiUinius. n. sp.

Figs. 6-7

Holotype. female; Type locality: 10 mi. WNW
Soubre, Ivory Coast; in U.S. National Mu
seum, Washington. D.C.

Description.— Female: (Figs. 6-7)

Dorsal plate length 405 /^i, width 244 /i.

Gnathosomal and hypostomal setae se-

taceous; median hypostomal .setae of me-
(liimi length, not reaching base of gna-
thosomal setae. Posterior margin of sternal

plate very slightly invaginated medially;

setae st. I of moderate length, reaching
about one-third distance between 2nd and
3rd sternal setae; sternal setae as well as

4 pairs of genital setae of moderate length

and rather slender. Anterior flap of geni-

tal plate overlapping posterior margin
of sternal plate to or slightly anterior to

level of 3rd sternal setae; distance be-

tween 1st genital setae distinctly less than
distance between 4th genital setae; dis-

tance between 2nd genital setae distinctly

less than distance between 3rd genital

setae; greatest width of genital j)late at

level of 3rd pair of genital setae. Anal
jilate roundly triangular in shape, ap-

proximately as wide as long with rounded
margins; adanal setae very short and
small, length approximately equal to

width of anal orifice; adanal setae set at

level of posterior third of anal orifice;

postanal seta rather small but somewhat
larger than adanals and somewhat more
robust. Unarmed venter bearing ap-

proximately 13 pairs of setae, medial 3

pairs adjacent to genital and anal plates

longer with lateral pairs much shorter,

some being almost spinelike; metapodal
plates small, elongate oval. Peritreme ex-

tends to level of middle or anterior of

coxa I. Dorsal plate bearing 39 pairs of

setaceous setae; most dorsal setae of me-
dium length, length distinctly less than
distance between adjacent setae; sub-

terminal setae (5) rather small and slen-

der, reaching no further than level of base
of terminal setae; terminal setae consider-

ably larger and more robust than all other

dorsal setae. Six to 8 pairs of rather small

spinelike setae border dorsal opisthosoma

r- \

Figs. 6-7. Laelaps parasimUUmus n. sp.. female. (6) venter; (7) dorsum, scale = 100//.
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on soft integument. Proximal seta of coxa

I of moderate length and robust, distal

seta of coxa I quite small and slender;

setae pd 1 and ad 1 of femur I subequal in

length; anterior seta of coxae II and III

and seta of coxa IV rather small, seta-

ceous, although somewhat enlarged ba-

sally; posterior seta of coxae II and III

rather small but robust and peglike; pre-

apical setae of tarsi mostly setaceous as

well as all other leg setae.

Male: Unknown.

Type material
Dephomys defua

Ivory Coast (10 mi WNW Soubre);
female holotype and 1 deutonvmph
(LWR 1471).

Malacomys longipes

Ivory Coast (10 mi WNW Soubre); 2
females (LWR 1478).

Remarks.— L. parasimillimus may be
distinguished from all other closely related

taxa by the following combination of char-

acters: more than 10 pairs of mostly small

setae ventrally adjacent to genital and
anal plates; rather wide genital plate at

level of 3rd genital setae; short adanal
setae; distal seta of coxa I much shorter

than proximal seta; small peglike seta

posteriorly on coxae II and III; rather

broad anal plate; and greater length of

sternal plate.

This new species has been collected

only from Ivory Coast on Dephomys
defua and Malacomys longipes.

Laelaps (Laelaps) keegani Thurman
Figs. 8-13

Laelaps berlesi Keegan, 1956, J. Egypt.
Pbl. HIth. Assoc. 31 (6):264-265

(Holotype: Pyramids, Giza, Egypt;
U.S. National Museum. Washington,
D.C.).

Laelaps keegani Thurman, 1958, Ent. Soc.

Wash. 60 (2): 74. Papema, Furman,
and Rothstein, 1970, Rev. Zool.

Bot. Afr. 81 (3-4): 330-336 (Host
locality)

.

Description.-— Female: (Figs. 8-11)
Dorsal plate length 505 //., width 301 //..

Gnathosonial and hypostomal setae se-

taceous; medial hypostomal sotae of mod-
erate length but not reaching base of gna-
thosonial setae. Posterior margin of sternal

plate only slightly invaginated; setae si.

1 of moderate length, reaching to point
halfway between .setae st. 2 and st. 3. An-
terior flap of genital [)late slightly over-

lapping posterior of sternal plate; dis-

tance between 1st pair of genital setae

slightly greater than distance between 4th
genital setae; in type specimens, greatest

width of genital plate at level of 3rd
genital setae; however, in specimens from
Nigeria greatest width of genital plate at

level of 2nd pair of genital setae. Posterior

margin of genital plate truncate as well as

anterior margin of anal plate; anal plate

width subequal to length; adanal setae

slender reaching to base of postanal seta;

adanal setae set at level near posterior

end of anal orifice; postanal seta robust,

slightly longer than adanal setae. Un-
armed venter bearing about 16 pairs of

setaceous setae, 4 pairs adjacent to genital

and anal plates with others on posterior

lateral and lateral body margins; meta-
podal plates rather elongate and narrow.
Peritreme extending to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; most dorsal setae of moderate length,

length equal to distance between adjacent
setae; subterminal setae (J5) reach to or

slightly beyond posterior margin of dorsal

plate. Approximately 18 pairs of setaceous

setae border dorsal plate on soft integu-

ment. Both proximal and distal setae of

coxa I setaceous, with proximal seta 1.5

times as long as distal seta; setae pd 1 and
ad 1 of femur I relatively short, subequal
in length, with ad 1 seta only slightly

longer; anterior seta of coxae II and III,

posterior seta of coxa II, and seta of coxa
IV setaceous; posterior seta of coxa III

rather small and peglike (bluntly spine-

like) ; tarsus II with one bluntly spinelike

preapical seta; all other leg setae seta-

ceous.

Male: (Figs. 12-13) Gnatho.somal and
hypostomal setae setaceous; medial hypo-
stomal setae of moderate length, reaching
almost to base of gnathosomal setae. Ven-
tral setae, except adanal and postanal

.setae, of moderate length and slen(ler, each
extending slightly beyond base of adja-

cent posterior seta; holoventral plate

rather broad between coxae II and III,

greatly narrowing between coxae IV, and
greatly expandecl posterior to coxae IV;
expan(l(nl area between gejiifa! setae and
anal orifice bears 5 pairs of setaceous

s(>tae; adanal setae rather short, apj)roxi-

niately equal to length of anal orifice;

adanal setae set at level near middle of

anal orifice; postanal seta approximately
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Figs. 8-11. Laelaps keegani Thurman, female. (8) venter; (9) dorsum, scale = lOOju; (10) ventral

view of tarsus II; (11) ventral view of tarsus III, scale = 50/i.

twice as long as adanal setae and some-
what more robust. Metapodal plates in-

apparent, apparently fused to lateral ex-

tensions of holoventral plate; unarmed
venter bears approximately 10 to 12 pairs

of setaceous setae adjacent to holoventral

plate; peritreme extends to middle of cox-

ae I. Dorsal plate bears 39 pairs of seta-

ceous setae; length and position of setae

approximately as in female. Both proxi-

mal and distal setae of coxa I setaceous,

proximal seta somewhat longer than distal

seta; setae pd 1 and ad 1 of femur I

subequal in length; anterior setae of

coxae II and III, posterior seta of coxae
II and III, and seta of coxa IV seta-

ceous, wdth posterior seta of coxa III some-

what more robust and spinelike; most leg

setae setaceous and normally developed;

however, some may be shorter and some-
what spinelike.

Collection records
Atelerix albiventris

Upper Volta; 1 coll. (1 female); AMP
Crocidura sp.

Upper Volta; 1 coll. (3 females. 1

male, 1 ny.); AMP
Tatera kempi
Dahomey; 1 coll. (1 female); AMP

Arvicanthis niloticus

Egypt (Giza); holotype female; Keegan, 1956

Ghana (Accra-Tema) ; Paperna. et al.. 1970
Nigeria; Zumpt Collection (AMP)
Ghana; 1 coll. (1 female); AMP
Ivorj' Coast; 10 coll. (19 females. 1 male);
AMP
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Figs. 12-13. Laelaps keegani Thurman, male. (12) venter; (13) dorsum, scale = 100/u.

Nigeria; 23 coll. (62 females, 3

males, 7 ny.); AMP
Senegal; 3 coll. (18 females); AMP

Mus musculoides
Ghana; 1 coll. (4 females,

1 ny.); AMP
Felis lybica

Upper Volta; 1 coll. (1 female); AMP
Unknown

Nigeria; 2 coll. (13 females); AMP

Remarks.— L. keegani is quite distinc-

tive in one key character which is invari-

ant in all specimens examined in this

study; this character is the setaceous or

spinehke posterior seta of coxae II and III,

rather than blunt, peghke setae as in all

other closely related taxa. In addition to

this character, L. keegani may be sep-

arated from certain other taxa by the

longer adanal setae and the broad anal

plate.

L. keegani was originally recorded from
Giza, Egypt, on Arvicanthis niloticus

Subsequently, it has been collected from
the countries of northwest Africa south

of the Sahara and almost exclusively from
Arvicanthis niloticus.

Laelaps {Laelaps) transvaalensis Zumpt
Figs. 14-19

Laelaps transvaalensis Zumpt. 1950, S. Afr. J.

Med. Sci. 15: 77-82 (Holotype: Krugersdorp,
Transvaal, South Africa; So. Afr. Inst. Med.
Res.. Johaimesburg) ; Taufflieb, 1959, J. Ent.

Soc. So. Afr. 22(2):404-408 (key); Tipton,

1960, Univ. Calif. Publ. Ent. 16(6): 262-264,

283-284 (key, synopsis); Zumpt. 1961, Publ.

So. Afr. Inst. Med. Res. 4(1): 30 (host, lo-

cality).

Description.— Female: (Figs. 14-17)

Dorsal plate length 460 /i, width 317 /a.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae long,

reaching to base of gnathosomal setae.

Posterior margin of sternal plate invagi-

nated to or slightly beyond level of setae

St. 3; setae st. 1 of moderate length, reach-

ing to point halfway between setae st. 2

and St. 3. Anterior flap of genital plate

overlapi)ing |)osterior of sternal plate; dis-

tance between 1st genital setae slightly

but distinctly further apart than 4th

genital setae; greatest width of genital

plate at or slightly behind level of 2nd
pair of genital setae. Anal plate distinctly
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Figs. 14-17. Laelaps transvaalensis Zumpt, female. (14) venter; (15) dorsum, scale = lOO/i;

C16) ventral view of tarsus II; (17) ventral view of tarsus III. scale = 50/u.

longer than wide; adanal setae short,

length less than distance from adanal
setae to postanal seta; adanal setae set

at level of middle of anal orifice; oval

reticulate pattern near anterolateral mar-
gins of anal plate. Unarmed venter bear-

ing about 10 pairs of setaceous setae, 4
pairs adjacent to genital and anal plates

plus 6 pairs near or on posterolateral body
margins; metapodal plates elongate oval.

Peritreme extends to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; central and lateral setae of moderate
length (length equal to distance between
adjacent setae); setae il, rl, r2, r3, r4,

J4 and J5 shorter; subterminal setae (J5)

reaching to posterior margin of dorsal

plate; distance between setae J4 greater

than that between setae .15. Ten to 12

pairs of setae border dorsal opisthosoma

on soft integument. Both proximal and

distal setae of coxa I setaceous, with proxi-

mal seta 1.5 times as long as distal seta;

setae pd 1 and ad 1 of femur I subequal

in length, with ad 1 seta only slightly

longer; anterior seta of coxae II and III

setaceous and enlarged somewhat basally;

posterior seta of coxae II and III robust,

peglike (bluntly spiniform); tarsi II and
III each with one spinelike preapical seta;

all other leg setae setaceous, some may be

heavier than others but not distinctly

spinelike.

Male: (Figs. 18-19) Gnathosomal and
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Figs. 18-19. Laelaps transvaalensis Zumpt, male. (18) venter; (19) dorsum, scale = 100^.

hypostomal setae all setaceous, with me-
dial hypostomal setae two times as long
as gnathosomal setae. Ventral setae, ex-

cept adanals and postanal, of moderate
length, each extending in length beyond
base of seta immediately posterior by
about one-third its length; holoventral
plate rather narrow between coxae IV
and considerably expanded posteriorly; ex-

panded area between genital setae and
anal orifice bearing 5 pairs of setaceous
setae; adanal setae short, length less than
distance between adanals and postanal
seta; postanal seta spinelike and at least

two times as long as adanals. Metapodal
plates elongate oval; unarmed venter bear-
ing 2 pairs of setae adjacent to holoventral
plate plus about 5 pairs on posterolateral

margins of body. Peritremo extends to

level of middle of coxa I. Dorsal plate
bearing 39 pairs of setaceous setae; length
and position of setae as in female. Soft
integument of opisthosoma bearing about
9 pairs of setae. Both proximal and distal

setae f)f coxa I setaceous, with j)roximal

seta nearly two times as long as distal

seta; setae pd 1 and ad 1 of femur I sub-

equal in length; anterior seta of coxae
II and III setaceous and enlarged basally;

posterior seta of coxa II elongate and se-

taceous, whereas posterior seta of coxa
III short and ])eglike; tarsi II and III

each with one preapical spinelike seta,

and all legs with some ventral short spine-

like setae.

CoLI,ECTION RECORDS
Crocidura sp.

South Africa; 1 coll. (1 female);
Zumpt, 1961

Mncroscelides proboscideus
South Africa (ORS); 1 female; AMP

Cryplotiiys hotlrntotus

South Africa; 1 coll. (6 females); AMP
Prtionius typicus

South Africa (ORS); 1 female; AMP
Tatera Icucogastfi

South Africa; 1 female; AMI'
Aethonns chrysophilus

South Africa; 7 coll. ( 10 fenuiles. 7

males); AMP
Aclhonirs ritimacfuensis

South .Africa (Transvaal); 1 -f coll.
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Mastomys natalensis

South Africa; 1 female; Zumpt. 1961

Myomys daltoni

Senegal; 1 female; AMP
Rhabdomys pumilio

South Africa; 1+ coll.; Zum[)t. 1961

South Africa; 5 coll. (6 females, 4
males); AMP

Saccostomus campestns
South Africa; 1 female; AMP

Otornys angoniensis

South Africa (ORS); 1 coll. (15 females,

2 males); AMP
Otomys irroratus

South Africa (Transvaal); holotype and
4 females; Zumpt, 1950

South Africa (Transvaal); 1+ coll.; Tipton.

1960
South Africa; 3 coll. (13 females); AMP

Unknown host

South Africa (ORS); 2 coll. (5 females);

AMP
South Africa; 12 coll. (23 females,

11 males); AMP
Botswana; 1 coll. (2 females) ; AMP

Remarks.— L. transvaalensis may be

easily separated from other taxa by the

form of the anal plate, i.e., narrower anal

plate with short adanal setae and pair of

dark areas laterally. Other distinguishing

characters are as follows: dorsal plate

rather broad relative to length; peritremes

wider posteriorly than usual for the

genus; moderately emarginated posterior

margin of sternal plate; unusually long

proximal seta of coxa I; and rather broad
genital plate posteriorly.

This species is recorded almost exclu-

sively from South Africa from a great

variety of small mammal hosts. One col-

lection is recorded from Botswana and
one, possibly erroneous identification,

from Senegal. More collections and speci-

mens have been collected from species of

Otomys than from any other host. It is

anticipated that future records will reveal

a much wider geographic distribution in

southern Africa than the currently avail-

able records indicate.

Laelaps (Laelaps) congoicola Taufflieb

Figs. 20-23

Laelaps congoicola Taufflieb, 1959. J. Ent. Soc.

S. Afr. 22(2):397-398 (Holotype: Brazzaville.

Congo; Museum d'Histoire Naturelle, Paris).

Description.— Female: (Figs. 20-21)

Dorsal plate length 538 /t, width 349 p..

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae relatively

long, reaching almost to base of gnatho-

somal setae. Posterior margin of sternal

plate slightly invaginated, invagination

reaching to level of third sternal setae;

setae st. 1 long, reaching well beyond pos-

terior margin of sternal plate. Anterior
flap of genital plate overlapping posterior

margin of sternal plate slightly; distance

between 1st genital setae slightly greater

than distance between 4th genital setae,

distance between 2nd genital setae

slightly greater than distance between
3rd genital setae; greatest width of genital

plate at le^el slightly anterior to 3rd geni-

tal setae. Anal plate roundly triangular,

width equal to length, with anterior mar-
gins rounded; adanal setae rather short,

extending no further than base of post-

anal seta; adanal setae set at level of pos-

terior end of anal orifice. Unarmed venter

bearing about 8 to 10 pairs of setaceous

setae, 4 pairs immediately adjacent to

genital and anal plates plus approximately
4 to 6 pairs near or on posterior lateral

body margins; metapodal plates oval to

elongate-oval, length about twice width.

Peritreme extends to level of anterior of

coxa I. Dorsal plate bearing 39 pairs of

setaceous setae; most dorsal setae of me-
dium length, length equal to or slightly

greater than distance between adjacent

setae; subterminal setae (J5) reaching to

or slightly beyond posterior margin of dor-

sal plate; terminal setae (Z5) much long-

er than other adjacent setae. About 12

pairs of setae border dorsal opisthosoma
on soft integument. Both proximal and
distal setae of coxa I setaceous, proximal
seta distinctly longer than distal seta;

setae pd 1 and ad 1 of femur I subequal
in length; anterior seta of coxae II and
III and seta of coxa IV slender, setaceous;

posterior seta of coxae II and III robust,

blunt and peglike, with posterior seta of

coxa II somewhat longer than that of

coxa III; no robust, blunt preapical setae

on tarsi II. III. or IV; however, one or

two spinelike preapical setae may be pres-

ent on tarsi II and III; most other leg

setae setaceous and normally developed.

Male: (Figs. 22-23) Gnathosomal and
hypostomal setae setaceous, with medial

hyy)ostomal setae of moderate length, ex-

tending almost to base of gnathosomal
setae. Ventral setae, except adanal and
postanal setae, relatively long, each ex-

tending well beyond base of seta im-

mediately adjacent; holoventral plate

rather broad between coxae II and III.
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1 21

Figs. 20-21. Laelaps congoicola Taufflieb, female. (20) venter; (21) dorsum, scale = 100/i.

/

Figs. 22-23. Laelaps congoicola Tauffliol), male. (22) venter; (23) dorsum, scale == 100/i.
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narrowing considerably between coxae IV,

and greatly expanded immediately pos-

terior to coxae IV; expanded area between
genital setae and anal orifice bearing 5

pairs of setaceous setae; adanal setae rel-

atively short, not extending to base of

postanal seta; adanal setae set slightly

posterior to level of middle of anal orifice;

postanal seta considerably longer than
adanal setae and rather robust. Metapodal
plates inapparent, apparently fused to

lateral extensions of holoventral plate; un-

armed venter bearing 6 to 9 pairs of seta-

ceous setae, about 3 or 4 pairs set quite

close to holoventral plate laterally. Peri-

treme extending to middle or anterior of

coxa I. Dorsal ])late bears 39 pairs of seta-

ceous setae; length and jjosition of setae as

in female. Both proximal and distal setae

of coxa I setaceous, with proximal seta

slightly longer than distal seta; setae pd 1

and ad 1 of femur I subequal in length;

anterior seta of coxae II and III, posterior

seta of coxa II and seta of coxa IV all seta-

ceous; posterior seta of coxa III robust and
spinelike; no blunt preapical setae on
tarsi II, III, or IV; however some pre-

apical setae may be spinelike; most other

leg setae setaceous and normally de-

veloped.

Collection records
Oenomys hypoxanthus
French Congo (Brazzaville); 35 females

(type specimens); Taufflieb. 1959

Remarks.— The most distinguishing

characters of L. congoicola. separating it

from other closely related taxa, are the

long St. 1 setae and the moderate posterior

invagination of the sternal plate, i.e.,

setae st. 1 extends to or beyond posterior

margin of sternal plate. Other diagnostic

characters are as follows: relatively broad
oval dorsal plate; inedium-length adanal
setae; blunt, peglike seta on posterior of

coxae II and III; and setaceous proximal
and distal setae of coxa I.

This taxon has been reported only from
Oenomys hypoxanthus in French Congo
(Brazzaville).

Laelaps (Laelaps) lavoipierrei Taufflieb

Figs. 24-27

Laelaps lavoipierrei Taufflieb. 1954. Ann. Parasit.

29(4) :4+0 (HoloU-pe: Brazzaville. Congo;
Institut Pasteur. Paris); Tipton, 1960. Univ.
Calif. Publ. Ent. 16(6) :274.

DivscRiPTioN.— Female: (Figs. 24-25)
Dorsal plate length 495 fx, width 315 ix.

Gnathosonial and hypostomal setae seta-

ceous; medial hy])ostomal setae of mod-
erate length, reaching almost to base of

gnathosonial setae. Posterior margin of

sternal plate only very slightly invagi-

nated medially; setae st. 1 of moderate
length, reaching to level approximately
halfway between setae st. 2 and st. 3.

Anterior flap of genital plate overlapping
posterior margin of sternal plate at least

to level of 3rd sternal setae; distance be-

tween 1st genital setae subequal to dis-

tance between 4th genital setae, distance
between 2nd genital setae slightly less than
distance between 3rd genital setae; great-

est width of genital plate at level of 3rd
I)air of genital setae. Anal plate roughly
triangular in shape, as wide as long, with
anterior margins concave or invaginated;
adanal setae of moderate length, extending
slightly beyond base of postanal seta;

adanal setae set at level near posterior

end of anal orifice; postanal seta rather
robust and slightly longer than adanal
setae. Unarmed venter bearing 10 to 14
pairs of setaceous setae, 4 pairs immedi-
ately adjacent to genital and anal plates

plus approximately 6 to 8 pairs near or on
posterior lateral body margin; metapodal
plates elongate, considerably longer than
wide. Peritreme extends to level of mid-
dle or anterior of coxa I. Dorsal plate

bearing 39 pairs of setaceous setae; most
dorsal setae of medium length, length
almost equal to distance between adjacent
setae; subterminal setae (J5) reaching al-

most to posterior margin of dorsal plate.

Nine to 12 pairs of setae border dorsal

opisthosoma on soft integument. Proximal
seta of coxa I setaceous and of moderate
length, distal seta of coxa I quite small,

blunt and peglike; setae pd 1 and ad 1 of

femur I subequal in length; anterior seta

of coxae II and III and seta of coxa IV
setaceous; posterior seta of coxae II and
III robust, blunt, and peglike; no robust,

blunt preapical setae on tarsi II, III, or

IV; however often with one spinelike seta

on coxae II and III; most other leg setae

setaceous and normally developed.

Male: (Figs. 26-27) Gnathosomal and
hypostomal setae setaceous; medial hypo-
stomal setae of moderate length, reaching

almost to base of gnathosomal setae. Ven-
tral setae, except adanal and postanal
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Figs. 24-25. Laelaps lavoipierrei Taufflieb, female. (24) venter; (25) dorsum, scale = 100;u.

Figs. 26-27. r.arlfi/)\- lar()if)irrrri Taiifflicl). male. (26) venter; (27) dorsum, scale =-- lOO/i.
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setae, rather long an(] slender, each ex-

tending well beyond base of adjacent j)OS-

terior seta; holoventral })late rather broad

between coxae II and III greatly narrow-
ing between coxae IV, and greatly ex-

panding posterior to coxae IV; expanded
area between genital setae and anal orifice

bearing 5 pairs of setaceous setae; adanal

setae of medium length, extending to or

slightly beyond base of postanal seta;

adanal setae set at level near posterior

end of anal orifice; postanal seta slightly

longer than adanal setae and slightly more
robust. Metapodal plate inapparent, a])-

parently fused to lateral extensions of

holoventral plate; unarmed venter bearing
approximately 8 to 10 pairs of setaceous

setae, those more marginal and more pos-

terior somewhat longer. Peritreme extends
to level of coxa I. Dorsal plate bearing 39
pairs of setaceous setae; length and posi-

tion of setae approximately as in female.

Both proximal and distal setae of coxa I

setaceous, proximal seta somewhat longer

than distal seta; setae pd 1 and ad 1 of

femur I subequal in length, both rather

short; anterior seta of coxae II and III,

posterior seta of coxa II, and seta of coxa
IV all setaceous; posterior seta of coxa III

short and spinelike; several preapical setae

of tarsi II and III rather robust and spine-

like; most other leg setae setaceous and
normally developed; however, some may
be shorter and somewhat spinelike.

Collection records
Hipposideros baetus

Ivory Coast; 1 coll. (1 female); AMP
r.ophuromys sikapusi

Congo (Bi^azzaville) ; 3 females (type
specimens); Taufflieb. 1954

Cameroon (Yaounde); Taufflieb. 1962
Ghana; 26 coll. (59 females, 3 males.

5 ny.); AMP
Ivory Coast; 21 coll. (104 females.

14 males, 3 ny.); AMP
Nigeria; 11 coll. (57-|- females. 1 male,

1 ny.); AMP
Mastomys natalensis

Ivorv' Coast; 1 coll. (1 female.
1 male); AMP

Upper Volta; 1 coll. (1 female); AMP
Mus tjiusculoides

Ghana; 1 coll. (1 female); AMP
Praomys tullbergi

Ivory Coast; 1 coll. (1 fejnale. 6 ny.); AMP
Uranomys ruddi
Ghana; 1 coll. (3 females); AMP

Remarks.— L. lavoipierrei ma}' be easily

separated from all other taxa by the very
small, blunt, peglike distal seta of coxa I.

In this one character alone it resembles
taxa of major group II, but on the basis

of Dxcrall morphological characters it is

placed in major group I near L. congoi-

cola and L. grenieri. Another character
which may be used to separate L. lavoi-

pierrei from the latter two taxa is the

straight to concave shape of the anterior

margin of the anal plate, rather than a

rounded, convex margin.
This mite is parasitic primarily on

r.ophurnmys sikapusi in northwest Africa
south of the Sahara. Single collections have
been recorded from several other small

mammals.

Tjielaps (Laelaps) grenieri Taufflieb

Figs. 28-29

TMelaps grenieri Taufflieb. 1954. Aiui. Parasit.

29(4) :439 (Holotype: Brazzaville, Congo;
Institut Pasteur, Paris); Tipton, 1960. Univ.
Calif. Publ. Ent. 16(6): 270.

Description.— Female-. (Figs. 28-29)

Dorsal plate length 515 /x, width 307 /<,.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae of mod-
erate length, reaching at least half dis-

tance to gnathosomal setae. Posterior mar-
gin of sternal plate irregularly straight to

very slightly invaginated; setae st. 1 rel-

atively long, reaching almost to level of

3rd sternal setae. Anterior flap of genital

plate not overlapping posterior margin
of sternal plate; distance between 1st geni-

tal setae slightly greater than distance

betw^een 4th genital setae, distance be-

tween 2nd genital setae slightl}' greater

tlian distance between 3rd genital setae;

greatest width of genital plate at level of

2nd pair of genital setae. Anal plate

roughly triangular in shape, as wide as

long, with anterior margin almost straight;

adanal setae of moderate length, extend-

ing somewhat beyond base of postanal

seta; adanal setae set at level of posterior

end of anal orifice. Unarmed venter

bearing 6 pairs of setaceous setae, 4 pairs

immediately adjacent to genital and anal

plates plus 2 pairs near or on posterior

lateral body margin; metapodal plates

elongate-oval. Peritreme e.xtends to level

of anterior of coxa I. Dorsal plate bearing

39 pairs of setaceous setae; most dorsal

setae of moderate length, length equal to

or slightly greater than distance between
adjacent setae; subterminal setae (J5)

reaching onlv to level of base of terminal
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Figs. 28-29. Laelaps grenieri Taufflieb. female. (28) venter; (29) dorsum, scale = 100;u.

setae; terminal setae rather long and
slender. Fourteen to 18 pairs of setae bor-

der dorsal opisthosoma on soft integument.
Both proximal and distal setae of coxa 1

setaceous, proximal seta considerably
longer than distal seta; setae pd 1 and ad
1 of femur I sube(}ual in length; anterior

seta of coxae II and III and seta of coxa
IV setaceous; posterior seta of coxae II

and III robust, blunt, and peglike; no ro-

bust, blunt preapical setae on tarsi II,

III, or IV; however, some preapical setae

may be spinelike; most other leg setae

setaceous and normally developed.

Male: Unknown.

COLLF.CTION RECORDS
Tadarida major
Upper Volta; 1 coll. (2 females); AMP

Talera Kempi
Dahomey; l-j- coll. (1-^- female);
Zumpt coll. (AMP)

Dasymys incomptus
Congo (BrazzaviihO ; Taufflieb, 1962

Hybomys trivirgatus

Ivorv Coast; 4 coll. (26 females.

4 ny.); AMP

Lemniscomys barbarus
Ghana; 2 coll. (2 females); AMP
Upper Volta; 2 coll. (10 females.

1 ny.); AMP
Lemniscomys macculeus

Ivory Coast; 2 coll. (8 females); AMP
Lemniscomys striatus

Congo (Brazzaville) ; 6 females (type

specimens); Taufflieb. 1954
Ghana; 1 coll. (3 females); AMP
Ivorv Coast; 8 coll. (29 females,

1 male); AMP
Nigeria; 11 coll. (41 females.

1 ny.); AMP
Togo; 8 coll. (19 females); AMP

Lophuromys sikapusi

Nigeria; I coll. (7 females); AMP
Mas musculnidcs
Congo (Brazzaville); 1 coll. (1 female):

Taufflieb, 1954
Myomys daltoni

Ghana; 1 coll. (1 female); AMP
Praomys titUbergi

Nigeria; 1 coll. (1 female); AMP
I rnnomys oweni

Senegal; 2 coll. (2 females); AMP
I hanomys riiddi

Ivorv Coast; 3 coll. (13 females.

1 ny.); AMP
Unknown
Dahomey; 1 coll. (2 females); AMP
Ivorv Coast; 2 coll. (6 females.

1 ny.); AMP
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Remarks.— There is no one character

which may be used to distinguish L.

prenieri from all other taxa of this sub-

group as in the case of L. keeganL L.

transvaalcnsis. L. congoicola, and L. lavoi-

pierrci. This taxon may be sej)arated from
L. simiUimns and L. parasirriillirnus by

the greatest width of the genital phite at

the level of the 2nd genital setae rather

than at the level of the 3rd, the meta-

podal plates more irregularly oval rather

than elongate, and the greater length

width ratio of the sternal plate (greater

than .75).

L. grcnicri has been recorded from a

variety of different small mammal hosts

in northwestern Africa south of the

Sahara; however, it is parasitic primarily

on several species of Lemniscomys.

Subgroup B

This subgroup is composed of only four

taxa: T.. lavieri. L. fritzumpti. L. thamno-
mys. and L. moucheti. The first two and
the fourth taxa bear at least one blmit,

peglike setae preapically on tarsi II and
III, whereas tarsi II and III of L. thamno-
mys bear all setaceous setae. This latter

species is placed with subgroup B be-

cause of its overall phenetic similarity

to the other three species.

Laelaps (Laclaps) lavieri Taufflieb

Figs. 30-35

Laclaps lavieri Taufflieb, 1954, Arm. Parasit.

29(4) :442 (Holotype: Brazzaville, Congo;
Institut Pasteui-. Paris); Tipton. 1960. Univ.
Calif. Publ. Ent. 16(6) :273-274.

T.aelaps nigeriensis Keegan, 1962. J. Parasit.

48 (4): 621 -622 (Holotype: Adu, Nigeria;
United States National Museum, Washington.
D.C.).

Description.— Female: (Figs. 30-33)

Dorsal plate length 600 /x, width 419 /<,.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae relatively

long, reaching almost to base of gnatho-
somal setae. Posterior margin of sternal

plate very slightly invaginated medially.
Anterior flap of genital plate not overlap-
ping posterior margin of sternal plate; dis-

tance between 1st genital setae subequal to

distance between 4th genital setae, and
distance between 2nd genital setae sub-
equal to distance between 3rd genital

setae; greatest width of genital plate near
or slightly anterior to level of 3rd genital

setae. Anal i)late triangular in general

shape, longer than wide, and with anterior

margin slightly invaginated; adanal setae

of moderate length, extending to base of

postanal seta; adanal setae set at level of

posterior end of anal orifice. Unarmed
venter bearing approximately 14 pairs

of setaceous setae, 1- pairs adjacent to

genital and anal plates plus ap})roximately

10 j)airs near or (m posterior body mar-
gins; metapodal plates oval, slightly longer

than wide. Peritreme extending to level

of posterior of coxa I. Dorsal plate bearing

39 pairs of setaceous setae; most dorsal

setae of medium length, length usually

equal to distance between adjacent setae;

subterminal setae (J5) reaching at least

to level of terminal setae and possibly

to posterior margin of dorsal plate. Twelve
to 14 pairs of setae border dorsal opistho-

soma on soft integument. Both proximal
and distal setae of coxa I setaceous, proxi-

mal seta somewhat longer than distal

seta; setae pd 1 and ad 1 of femur I

subequal in length; anterior seta of coxae

11 and III and seta of coxa IV setaceous;

posterior seta of coxae II and III robust,

blunt, and peglike; tarsi II and III each

with one robust, blunt preapical setae

plus one spinelike seta; all other leg seta

setaceous and normally developed.

Male: (Figs. 34-35) Gnathosomal and
hypostomal setae setaceous, with medial
hypostomal setae somewhat longer than

gnathosomal setae but not reaching to

base of gnathosomal setae. Ventral setae,

except adanal and postanal setae, rela-

tiveh' long, extending well beyond base

of seta immediately posterior; holoventral

plate broad between coxae II and III,

narrowing considerably between coxae IV
and greatly expanded posterior to coxae

IV; expanded area between genital setae

and anal orifice bearing 5 pairs of seta-

ceous setae; adanal setae relatively short,

extending no further than base of postanal

seta; postanal seta much longer than
adanal setae. Metapodal plates inapparent,

api)arently fused to lateral margin of holo-

ventral plate. Unarmed venter bearing 9

or 10 pairs of setae immediately adja-

cent to holoventral plate, plus 8 to 10

pairs on posterior lateral body margin.

Peritreme extends to level of posterior or

middle of coxa I. Dorsal plate bearing 39

pairs of setaceous setae; posterior dorsal

setae relatively long, length considerably
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Figs. 30-33. \Laelaps lavieri Taufflieb, female. (30) venter; (31) dorsum, scale

tral view of tarsus II; (33) ventral view of tarsus III, scale = SO/t.

100/i; (32) ven-

greater than distance between adjacent
setae; subterminal setae (J5) extending
well beyond posterior margin of dorsal

plate and about half the length of the
terminal setae; both proximal and distal

setae of coxa I setaceous, with proximal
.seta considerably longer and more robust
basally than distal seta; setae [kI 1 and
ad 1 of femur I subequal in lenglh; an-
terior seta of coxae II and III, posterior

seta f)f coxa II, ajid seta of coxa IV all

setaceous; [jostcrior seta of (oxa III rela

tively short and spinelike; tarsi II and
III each with two or three rather robust,

spinelike to peglike preapical setae; other

leg setae mostly setaceous and normally
developed.

COLLKCTION RECORDS
Crocidura sp.

Nigeria (Adu); 2 femali's; Koegan, 1962
Srli'isnrt'.r grmmcus

(iliaiia: I coll. (1 fiMiialc.

1 ma!.-); AMP
1 1 ) psifimilhdi' nionslrosus

'Ivory Coast; 1 coll. (1 female): AMP
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Figs. 34-35. Laelaps lavieri Taufflieb. male. (34) venter; (35) dorsum, scale 100/i.

Nycteris urge
Upper Volta; 1 coll. (1 female,

1 male); AMP
Hipposideros coffer

Ivory Coast; 2 coll. (3 females.

1 male, 2 ny.); AMP
Hipposideros crclops

Ivory Coast;' 1 coll. (1 female); AMP
Tatera leucogaster

Soutli Africa; 2 coll. (2 females); AMP
South Africa (ORS); 1 coll.

(1 female); AMP
Aethomys chrysophilus

Rhodesia; 1 coll. (1 female); AMP
South Africa; 1 coll. (2 females); AMP
South Africa (ORS); 2 coll.

(2 females) ; AMP
Lemniscomys macculeus

Ivory Coast; 1 coll. (3 females); AMP
Lemniscomys striatus

Togo; 2 coll. (3 females); AMP
Lophuromrs sikapusi

Ghana; 1 coll. (10 females); AMP
Mastomrs natalensis

Ghana; 1 coll. (1 female); AMP
South Africa; 1 coll. (1 female.

1 male); AMP
South Africa (ORS); 4 coll. ( 6

females); AMP
Mus sp.

Angola (Dundo); 2 females; Taufflieb. 1962
Cameroons (Yaounde); Taufflieb. 1962
Congo (Leopoldville) ; 3 females.

1 male; Taufflieb. 1962

Mus haussa
Nigeria; 2 coll. (5 females.

1 male); AMP
Alus minutoides
Ghana; 1 coll. (1 female); AMP
Ivory Coast; 1 coll. (1 female); AMP
Rhodesia; 3 coll. (18 females,

1 male); AMP
South Africa (ORS); 7 coll. (9 males);
AMP

Mus musculoides
Congo (Brazzaville); 4 females (.type

specimens); Taufflieb. 1954

Ghana; 13 coll. (46 females.

16 males, 5 ny.); AMP
Ivory Coast; 23 coll. (62 females.

3 males. 53 ny.); AMP
Nigeria (Adu); 1 coll. (1 female);

Keegan. 1962
Nigeria; Zumpt collection (AMP)
Upper Volta; 3 coll. (4 females); AMP

Mus setulosus

Ghana; 18 coll. (80 females.

6 males. 2 ny.); AMP
Ivorv Coast; 23 coll. (127 females,

\\ males. 10 ny.); AMP
Myomys daltoni

Ghana; Zumpt collection (AMP)
Praomys lullbergi

Ghana; 5 coll. (12 females.

7 males. 2 nv.); AMP
Ivory Coast; 1 coll. (1 female); AMP
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Saccostomus campestris

South Africa (ORS); 1 coll. (1 female);

AMP
Ictonyx striatus

South Africa (ORS); 1 coll. ( 1 female);

AMP
Genetta villiersi

Ivory Coast; 1 coll. (2 females); AMP
Unknown

Botswana; 3 coll. (3 females, 2 males)

;

AMP
Ghana; 1 coll. (10 females,

5 males, 8 ny.); AMP
Togo; 1 coll. (2 females) ; AMP

Remarks.— L. lavieri resembles L. fritz-

umpfi in overall morphological characters

but ma}^ be separated by the longer peri-

treme (extends anteriorly to middle or

posterior of coxa I) and the presence of

only one blunt, peglike preapical seta on

tarsi II and III rather than two or more
on each tarsi II-IV. This latter character

may also be used to separate L. lavieri

from L. thamnomys, as well as the overall

bod}^ size; i.e., L. thamnomys is consider-

ably larger (length of dorsal plate great-

er than 575 jx) . Both L. lavieri and L.

fritzumpti may be separated from L.

moucheti by the longer dorsal setae as

opposed to quite short dorsal setae in the

latter, and by the presence of dorsal setae

px 3 which is absent in L. moucheti. Also

the medial h3qpostomal setae are distinc-

tiA'ely longer than in L. moucheti.

L. lavieri has been collected from many
small mammal hosts throughout Africa,

southern Africa as well as northwest
Africa; however, it is parasitic primarily

on species of Mus. More collections are

recorded from this group of hosts than
from all other small mammal hosts com-
bined.

Laelaps (Laelaps) fritzumpti Taufflieb

Figs. 36-42

Laelaps fritzumpti Taufflieb, 1964, Z. f. Para-

siten. 24:305-308 (Holotype: Nosob River,

Kalahari, South Africa; South African Insti-

tute for Medical Research. .Johannesburg).

Description.^— Female: (Figs. 36-40)

Dorsal plate length 634 /x, width 417 /-.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal .setae of mod-
erate length, not reaching to base of

gnathosomal setae. Posterior margin of

sternal plate slightly invaginated, invagi-

nation not reaching to level of 3rd sternal

setae; setae st. 1 rather long, reaching to or

almost to level of 3rd sternal setae but not

to posterior margin of sternal plate. An-
terior flap of genital plate overlapping

posterior margin of sternal plate only
slightly if at all; distance between 1st

genital setae subequal to distance between
4th genital setae, distance between 1st

genital setae may be slightly less; distance

between 2nd genital setae slightly less

than distance between 3rd genital setae;

greatest width of genital plate at level of

3rd pair of genital setae. Anal plate

roundly triangular, width equal to length,

anterior margins straight; adanal setae

rather long, extending distinctly beyond
base of postanal seta; adanal setae set at

level of posterior end of anal orifice. Un-
armed venter bearing aproximately 10

pairs of setaceous setae, 4 pairs adjacent

to genital and anal plates plus approxi-

mately 6 pairs near or on posterior lateral

body margins; metapodal plates elongate-

oval. Petritreme extending anteriorly to

level of middle of coxa II. Dorsal plate

bearing 39 pairs of setaceous setae; most
dorsal setae relatively long, length equal
to or slightly greater than distance be-

tween adjacent setae; subterminal setae

(J5) reaching almost to posterior margin
of dorsal plate. Fifteen to 20 pairs of setae

bordering dorsal opisthosoma on soft

integument. Both proximal and distal

setae of coxa I setaceous, with distal seta

slightly shorter than proximal seta; setae

pd 1 and ad 1 of femur I subequal in

length; anterior seta of coxae II and III

and seta of coxa IV setaceous; posterior

seta of coxae II and III robust, blunt, and
peglike, posterior seta of coxa II somewhat
more elongate than that of coxa III; tarsi

II and III each with three rather robust,

blunt jjreapical setae; tarsus IV with one
or two longer blunt, ])reapical setae; all ij

other leg setae setaceous and normally '

developed.

Male: (Figs. 41-42) Gnathosomal and
hypostomal setae setaceous, with medial
hypostomal setae of moderate length but

not reaching to base of gnathosomal setae.

Ventral setae, except adanal and post-

anal setae, rather long, each extending
in l(>ngth well beyond base of seta im-
metHately ])osterior; holo\eiitral plate

Ji

rather narrow between (oxae IV, and '

greatly exjianded innnediately jiosterior

to coxae IV; expanded area between geni-
,

lal setae and anal orifice bearing 5 pairs

of setaceous setae; adanal seta(^ relatively
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Figs. 36-40. Laelaps fritzumpti Taufflieb, female. (36) venter; (37) dorsum, scale = 100/t; (38)
ventral viev^' of tarsus II; (39) ventral view of tarsus III; (40) ventral view of tarsus IV, scale
= SOfi.
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iFigs. 41-42. Laelaps fritzumpti Taufflieb, male. (41) venter; (42) dorsum, scale = lOOju.

short, reaching no further than base of

postanal seta; postanal seta considerably
longer than adanal setae and enlarged
somewhat basally. Metapodal plates fused
to lateral margins of holoventral plate

posterior to coxae IV. Peritreme extends
to level of middle of coxa II. Dorsal plate

bearing 39 pairs of setaceous setae; most
dorsal setae rather long, length consider-
ai)ly greater than distance between adja-

cent setae; subtermirial setae (.15) some-
what longer than normal, extending dis-

tinctly beyond posterior margin of dor-

sal plate. Unarmed venter bearing 6 to 8

pairs of setae adjacent to holoventral plate.

Soft integument of opisthosoma bearing
8 to 10 pairs of setae. Both proximal and
distal setae of coxa I setaceous, proximal
seta considerably longer than distal seta;

setae ad 1 and pd 1 of fenuir I sube(|ual

in length, ad 1 .seta slightly shorter; an-
terior seta of coxae I and II, posterior .seta

of coxa II, and seta of coxa IV all seta-

ceous; posterior seta of coxa III shorter and
.spinelike; tarsi II and III cadi with two or

three spinelike preapical setae, one ])air

on each tarsi may be blunt; all other leg

setae mostly setaceous and normally de-

\ eloped.

Collection records
FArphantuliis m varus

Soutli Africa (ORS); 2 coll. (2 females);
AMP

FJephanlulus rapes/ris

South Africa (ORS); 10 coll. (11 f.Muales);

AMP
Macroscelides proboscideus

South Africa. (ORS); 1 coll. (3 females);
AMP

Desmodillas naricalaris

South Africa (ORS); 8 coll. (12 females);
AMP

Gcrbillus pacha
South Africa (ORS); ^1 coll. (Vl- fenuilos.

1 male); AMP
Tatcra brandsi

South Africa (ORS); 2 coll. (2 females):
AMP

Talcra Icacopasler

South Africa (ORS); !• coll. i !(> females);
AMP

Pr/rnnnsias collinus

South Africa; I coll. (1 fenuUo) ; AMP
South Africa (OHS); 7 coll. (7 females);
AMP



June 1976 HERRIN, TIPTON: AFRICAN Lu-^ELAPS 145

Aetliomys sp.

South Africa (Cape Province); 13

females; Taufflieb. 1964

Aethomrs chrysophilus

Rhodesia; 1 coll. (1 female); AMP
South Africa (ORS); 2 coll. (63

females. 1 male); AMP
Aethomrs namaqitensis

Botswana; 1 coll. (12 females): AMP
Botswana (northern); Taufflieb. 1964

South Africa (ORS); 79 coll. (534
females. 2 males) ; AMP

South Africa (Transvaal); 2 females;

Taufflieb. 1964
Mastomrs natalensis

South Africa (ORS); 3 coll.

(3 females); AMP
Thallomys sp.

South Africa (Cape Province); 2

females; Taufflieb. 1964
Thallomys paedulcus

South Africa (Cape Province); 17

females (type specimens); Taufflieb. 1964

South Africa (ORS); 12 coll.

(52 females); AMP
Rhabdomys pumilio
South Africa (ORS); 10 coll.

(12 females); AMP
Saccostomus campestris

South Africa (ORS); 2 coll.

(8 females); AMP
Otomys sp.

South Africa (Cape Province); 1 female;

Taufflieb, 1964
Otomys irroratus

South Africa (Orange); 1 female;
Taufflieb. 1964

Paratomys brandsi
South Africa CORS); 1 coll. (1 female);
AMP

Unknown
South Africa; 1 coll. (1 female); AMP
South Africa (ORS); 11 coll.

(14 females); AMP

Remarks.— L. fritzumpti may be distin-

guished from all other taxa of the sub-

group by the three blunt, peglike preapical

setae on tarsi II and III, and by the shorter

peritreme (extends only to middle of

coxa II) . Several other diagnostic charac-
ters are the relatively large genital and
anal plates, adanal setae almost as long
as postanal seta, and rather long dorsal

setae.

This species is very abundant on many
small mammal hosts throughout southern
Africa. It has been collected most fre-

quently from Aethomys species, Thallo-
mys species. Rhabdomys pumilio, Ger-
bullus paeba, and Elcphantulus rupestris.

Laelaps (Laelaps) thamnomys Taufflieb

Figs. 43-46

Laelaps thamnomys Taufflieb, 1954. Ann.
Parasit. 29(4) : 444-44-6 (Holotype: Brazzaville.

Congo; Institut Pasteur, Paris); Tipton, 1960,
Univ. Calif. Publ. Ent. 16(6): 283.

Description.— Female: (Figs. 43-44)
Dorsal plate length 599 /a, width 364 /j,.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae of mod-
erate length but not reaching to base of

gnathosomal setae. Posterior margin of

sternal plate only very slightly invagi-

nated; setae st. 1 rather long, reaching
almost to level of 3rd sternal setae. An-
terior flap of genital plate slightly over-

lapping posterior margin of sternal plate;

distance between 1st genital setae only
slightly less than distance between 4th
genital setae, distance between 2nd genital

setae slightly less than distance between
^rd genital setae; greatest width of genital

plate at level of 3rd pair of genital setae.

Anal plate roundly triangular, as wide as

long, with anterior margins rounded;
adanal setae of moderate length, extend-
ing slightly beyond base of postanal seta;

adanal setae set near posterior end of anal
orifice. Unarmed venter bearing approxi-

mately 10 pairs of setaceous setae, 4 pairs

immediately adjacent to genital and anal

plates plus approximately 6 pairs near or

on posterior lateral body margins; meta-
podal plates oval, slightly longer than
w^ide. Peritreme extends to level of middle
of coxa I. Dorsal plate bearing 39 pairs of

setaceous setae; most dorsal setae of me-
dium length, length only slightly greater

than distance between adjacent setae, if as

long; subterminal setae (J5) reaching no
further than posterior margin of dorsal

plate. Twelve to 14 pairs of setae border
dorsal opisthosoma on soft integument.
Both proximal and distal setae of coxa I

setaceous, proximal seta considerably long-

er than distal seta; setae pd 1 and ad 1 of

femur I subequal in length; anterior seta

of coxae II and III and seta of coxa IV
setaceous; posterior seta of coxae II and
III robust, blunt, and peglike; no blunt,

robust preapical setae on tarsi II, III, or

IV; however, some preapical setae may be
spinelike; most other leg setae setaceous

and normally developed.

Male: (Figs. 45-46) Gnathosomal and
hypostomal setae setaceous; medial hypo-
stomal setae of moderate length, reaching
almost to base of gnathosomal setae. Ven-
tral setae, except adanal and postanal

setae, rather long and slender, extending
well beyond base of adjacent posterior
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i

T /

Figs. 43-44. Laelaps thamnornys Taufflieb. female. (43) venter; (44) dorsum, scale = 200/i.

/

Figs. 45-46. Laelaps ihaninoniys Taiifflii-l), male. (45) venter; (46) dorsuin. scale 100/t.
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seta; holoventral plate rather broad be-

tween coxae II and III, greatly narrowing
between coxae IV, and greatly expanded
posterior to coxae IV; expanded area be-

tween genital setae and anal orifice bear-

ing 5 pairs of setaceous setae; adanal

setae of medium length, extending to or

slightly beyond base of postanal seta;

adanal setae set at level slightly posterior

to middle of anal orifice; postanal seta

approximately twice as long as adanal

setae, aTid somewhat more robust. Meta-
podal jilates inapparent, apparently fused

to lateral extension of holoventral plate;

unarmed venter bearing approximately
12 to 14 pairs of setaceous setae adjacent

to holoventral plate. Peritreme extending

to middle of coxa I. Dorsal plate bearing

39 pairs of setaceous setae, length and ])o-

sition of setae approximately as in female.

Both proximal and distal setae of coxa I

setaceous, proximal seta somewhat more
robust and longer than distal seta; setae

ad 1 and pd 1 of femur I subequal in

length, pd 1 seta slightly longer; anterior

seta of coxae II and III and seta of coxa
IV of moderate length and setaceous; pos-

terior seta of coxa II of moderate length

and rather robust, with posterior seta of

coxa III short, robust, and spinelike; most
leg setae setaceous and normally devel-

oped; however, some may be shorter and
rather spinelike.

Collection records
Mus musculoides
Togo; 1 roll. (1 female); AMP

Praomrs tullbergi

Togo; 2 roll. (2 females); AMP
Thamnoniys rutilans

Congo (Brazzaville): 6 females (type
specimens); Taufflieb. 1954

Ivory Coast; 1 coll. ( 6 females); AMP
Togo; 8 coll. (66 females. 1 male.

1 ny.); AMP

Remarks.— As noted previously, L.

thamnomys differs from other taxa of

subgroup B in the form of preapical
setae on tarsi II and III, i.e., setaceous
rather than blunt, peglike. Also, it is a

rather large species with the dorsal plate

exceeding 575 //. in length. In these two
characters L. tliarnnomys is quite similar
to L. kampalcnsis, which is placed in ma-
jor group II, subgroup A. because of over-
all phenetic similarity. The former differs

from the latter in the following characters:
only slightly invaginated posterior margin
of sternal plate, greatest width of genital

plate at level of 3rd genital setae rather

than at level of 2nd, and distance be-

tween 1st genital setae equal to or less

than distance between 4th, rather than the

reverse.

This taxa is recorded primarily from
I'/iarnnornys rutilans in northwest Africa
south of the Sahara.

Laclaps (iMclaps) moucheti Taufflieb

Figs. 47-53

T.aelaps moucheti Taufflieb, 1959, J. Ent. See.

So. Afr. 22(2): 398-399 (Holotype: Yaounde,
Cameroun; Museum d'Histoire Naturelle,

Paris).

Description.— Female: (Figs. 47-51)
Dorsal plate length 484 ^, width 302 /x.

(rnathosomal and hypostomal setae seta-

ceous. Medial hypostomal setae relatively

short, reaching no more than half dis-

tance to gnathosomal setae. Posterior mar-
gin of sternal plate somewhat invaginated,

invagination reaching no further than
level of 5rd sternal setae; setae st. 1 of

medium length, reaching to level halfway
between 2nd and 3rd sternal setae. An-
terior flap of genital plate overlapping
posterior margin of sternal plate only
slightly; distance between 1st genital

setae slightly greater than distance be-

tween 4th genital setae, distance between
2nd genital setae slightly greater than
distance between 3rd genital setae;

greatest width of genital plate at level of

2nd pair of genital setae. Anal plate

roundly triangular, almost as wide as

long, with anterior margins rounded;
adanal setae of moderate length, extending
to base of postanal seta; adanal setae set

at level of posterior end of anal orifice.

Unarmed venter bearing approximately
14 to 16 pairs of setaceous setae, 4 pairs

immediately adjacent to genital and anal

plates plus approximately 10 to 12 pairs

near or on posterior lateral body margin;
metapodal plates oval to elongate-oval.

Peritreme extends to level of middle of

coxa I. Dorsal plate bearing 38 pairs of

rather small setaceous setae, setae px3
absent; most dorsal setae relatively

short, length no greater than half distance

between adjacent setae; subterminal setae

(J5) smaller than all others, and terminal

setae (Z5) considerably longer than other

adjacent setae. Ten to 12 pairs of setae

border dorsal opisthosoma on soft integu-

ment. Both proximal and distal setae of

I
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Figs. 47-51. Laelaps moucheti Taufflicb, female. (47) venter; (48) dorsum, scale = lOO/x; (49)

ventral view of tarsus II; (50) ventral view of tarsus III; (51) ventral view of tarsus IV, scale =
50/t.
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Figs. 52-53. Laelaps moucheti Taufflieb, male. (52) venter: (53) dorsum, scale 100/i.

coxa I setaceous, with proximal seta con-

siderably longer than distal seta; setae

ad 1 and pd 1 of femur I subequal in

length; anterior seta of coxae II and III

and seta of coxa IV setaceous; posterior

seta of coxae II and III rather robust,

blunt, and peglike; tarsi II and III each
with one robust, blunt preapical setae;

1 all other leg setae mostly setaceous and
normally developed.

Male: (Figs. 52-53) Gnathosomal and
hypostomal setae setaceous, medial hypost-

omal setae relatively short, not reaching
more than half distance to gnathosomal
setae. Ventral setae, except adanal and
postanal setae, of moderate length, each
extending in length somewhat beyond
base of seta immediately posterior; holo-

ventral plate rather broad between coxae
II and III, rather narrow between coxae
IV, and greatly expanded immediately
posterior to coxae IV; expanded area be-

tween genital setae and anal orifice bear-

ing 5 pairs of setaceous setae; adanal setae

relatively short, length not extending to

base of postanal seta; adanal setae set

near level of middle of anal orifice; post-

anal seta considerably longer than adanal

setae. Metai)odal plates inapparent, ap-

parently fused with lateral extension of

holoventral plate; unarmed venter bear-

ing 16 to 18 rather small, slender setae.

Peritreme extending to middle of coxa I.

Dorsal plate bearing usual 39 pairs of

setaceous setae; length and position of

setae as in female. Soft integument of

opisthosoma bearing 10 to 12 pairs of

setaceous setae. Both proximal and distal

setae of coxa I setaceous, with proximal

seta considerably longer than distal seta;

setae pd 1 and ad 1 of femur I subequal

in length; anterior seta of coxae II and
III and seta of coxa IV slender and seta-

ceous; posterior seta of coxae II and III

spinelike; no blunt preapical setae on
tarsi II, III or IV; however, some pre-

apical setae may be spinelike; most other

leg setae setaceous and normally devel-

oped.



150 GREAT BASIN NATURALIST Vol. 36, No. 2

Collection records
"rodents"
Cameroon (Yaounde); 10 females (type spec-

imens); Taufflieb, 1959

Remarks.— L. moucheti possesses

several diagnostic characters which
separate it from other taxa of subgroup
B (major group I): unusually short dor-

sal setae, particularly posterocentrally;

dorsal setae px3 absent, thus dorsal plate

bears only 38 pairs of setae; medial hy-
postomal setae short, extending no further

than half distance to gnathosomal setae.

This species is reported only from the

"type" collection which is from "rodents"

in Cameroon (Yaounde) . It has not been
found in any collections of the African
Mammal Project to date.

Major Group II

This major group contains 14 taxa, as

opposed to major group I which consists

of 11 and major group III which has 6.

With but two exceptions (L. kampalensis
and L. aethiopicus) , taxa of this major
group are characterized by the presence
of a blunt, peglike distal seta and a seta-

ceous proximal seta on coxa I. L. kam-
palensis differs in having a setaceous dis-

tal seta on coxa I, and L. aethiopicus bears

blunt, peglike setae both proximally and
distally on coxa I. Both of these taxa are

placed in this major group because of their

overall phenetic similarity to taxa within
this group.

Subgroup A
The four species of this subgroup (L.

kampalensis. L. tillae. L. peregrinus, and
L. rouhaudi) are characterized by tarsi

II and III bearing setaceous preapical

setae; no blunt, peglike setae are present
on the tarsi of any of them. This is in con-

trast to all other taxa of major group II

which bear at least one blunt, peglike

preapical seta on tarsi II and III. As
noted above, L. kampalensis differs from
the other three species of this subgroup
in having a setaecous distal seta on coxa I.

Laelaps (Laelaps) kampalensis Taufflieb

Figs. 54-55

Laelaps kampalensis Taufflieb. 1959. J. Ent. Soc.

So. Afr. 22(2): 402-403. (Holotype: Kampala.
Uganda; Museum d'Histoire Naturelle. Paris).

Figs. 54-55. Laelaps kampalensis Taufflieb, feniah'. (54) venter; (55) dorsum, scale 100/i.
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Description.— Female-. (Figs. 54-55)
Dorsal plate length 659 ^i, width 445 /i.

Gnathosomal and hypostomal setae seta-

ceous; niecHal hypostomal setae of mod-
erate length but not reaching base of

gnathosomal setae. Posterior margin of

sternal plate invaginated to or slightly

beyond level of setae st. 3; setae st. 1 of

moderate length, reaching to point half-

way between setae st. 2 and st. 3. Anterior
flap of genital plate not overlapping pos-

terior of sternal plate; distance between
1st genital setae distinctly greater than
distance between 4th genital setae; great-

est width of genital jilate between 2nd and
3rd genital setae; distance between 2nd
genital setae subequal to that between 3rd

genital setae; posterior margin of genital

plate betw'een 4th pair of genital setae

straight to slightly invaginated. Anal plate

length subequal to width, anterior margin
convex; adanal setae relatively long, ex-

tending well beyond base of i)ostanal seta;

adanal setae set near posterior end of

anal orifice; postanal seta somewhat longer

than adanal setae. Unarmed venter bear-

ing about 14 pairs of setaceous setae, 8

pairs distinctly ventral adjacent to genital

and anal plates, with other pairs more
marginal; metapodal plates elongate-oval.

Peritreme extends to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; most dorsal setae of moderate length,

length equal to distance between adjacent

setae; subterminal setae (J5) reaching
to posterior margin of dorsal plate. Four-
teen to 1 7 pairs of setae border dorsal

plate on soft integument. Both proximal
and distal setae of coxa I setaceous, with
proximal seta slightly longer than distal

seta; setae pd 1 and ad 1 of femur I

subequal in length, with ad 1 seta only
slightly longer; anterior seta of coxae II

and III and seta of coxa IV setaceous; pos-

terior seta of coxae II and III robust and
peglike; all leg setae setaceous; however,
one or two preapical setae of tarsi II and
III may be somewhat more robust than
other setae.

Male: Unknown.

Collection records
Lertiniscomys striatus

Uganda; 8-f females (type
specimens); Taufflieb. 1959

Unknown
Togo; 1 coll. (1 female); AMP

Remarks.— In overall morphological
characters L. kampalensis is most similar

to L. tillae; however, it may be distin-

guished from the latter by the significant-
ly larger size (dorsal jjlate greater than
575 /I long), and by the setaceous distal

seta of coxa I rather than a small, blunt,
peglike seta. In the above noted characters
as well as certain others L. kampalensis is

similar to L. tkamnomys; yet it differs in
the following notable characters: posterior
margin of sternal plate distinctly more
in^aginated; greatest width of genital plate
at level of 2nd genital setae rather than
at 3rd; and distance between 1st genital
setae distinctly greater than distance be-
tween 4th.

L. kampalensis is recorded from the
type collection which is Lemniscomys stri-

atus in Uganda, except for a single col-

lection from an unknown host in Togo.
Thus, at present very little is known of

the actual host and geographic distribution
of this species.

Laelaps (Laelaps) tillae Taufflieb

Figs. 56-59

Laelaps tillae Taufflieb, 1959. J. Ent. So. Afr.
22(2):403-404 (Holotype: Kruger National
Park, Transvaal, South Africa; Museum d'His-
toire Naturelle, Paris).

Description.—Female: (Figs. 56-57)
Dorsal plate length 644 /x, width 416 /t.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae of medium
length, reaching slightly further than half

distance to gnathosomal setae. Posterior

margin of sternal plate slightly in-

vaginated; sternal setae st. 1 relatively

long, reaching to or slightly beyond level

of 3rd sternal setae, but not to posterior

margin of sternal plate. Anterior flap of

genital plate overlapping posterior margin
of sternal plate only slightly; distance be-

tween 1st genital setae distinctly greater

than distance between 4th genital setae,

and distance between 2nd genital setae

distinctly greater than distance between
3rd genital setae; greatest width of genital

plate at level of 2n(l pair of genital setae.

Anal plate triangular in general shape,

slightly longer than wide, with anterior

margin straight; adanal setae of moderate
length, extending to or slightly beyond
base of postanal seta; adaiial setae set at

level of posterior end of anal orifice. Un-
armed venter bearing approximately 10

pairs of setaceous setae, 4 pairs adja-

cent to genital and anal plates plus ap-
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Figs. 56-57. Laelaps tillae Taufflieb, female. (56) venter; (57) dorsum, scale = 200^i.

Figs. 58-59. Laelaps tillae Taufflieb, innle. (58) venter; (59) dorsum scale 100/t.
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proximately 6 pairs near or on posterior

lateral body margins. Metapodal plates

rather elongate. Peritreme extends to lev-

el of middle of coxa I. Dorsal plate bear-

ing 39 pairs of setaceous setae; most dorsal

setae of medium length, length equal to

or slightly greater than distance between
adjacent setae; setae J4 somewhat shorter

than adjacent anterior setae, and sub-

terminal setae (15) reaching no further

than posterior margin of dorsal plate;

terminal setae (Z5) approximately three

times as long as subtenninal setae. Twelve
to 15 pairs of setae border dorsal opistho-

soma on soft integument. Proximal seta

of coxa I setaceous, distal seta rather small,

blunt, and peglike; setae ad 1 and pd 1

of femur I subequal in length; anterior

seta of coxae II and III and seta of coxa
IV setaceous, coxa IV seta somewhat
smaller; posterior seta of coxae II and III

rather robust, blunt, and peglike; no ro-

bust, blunt preapical setae on tarsi II,

III, and IV; however, some preapical setae

may be spinelike; most other leg setae

setaceous and normally developed.

Male: (Figs. 58-59) Gnathosomal and
hypostomal setae setaceous ; medial hy-
postomal setae long and slender, extend-
ing to base of gnathosomal setae. Ventral
setae, except adanals. rather long, each
extending in length well beyond base of

adjacent posterior setae; holoventral plate

rather broad betw^een coxae II and III.

quite narrow^ between coxae IV, and mod-
erately expanded posterior to coxae IV,

but not greatly exjianded as in some other

species; expanded area between genital

setae and anal orifice bearing 5 pairs of

setaceous setae; adanal setae relatively

short, extending no more than half dis-

tance between postanal seta; adanal setae

set at level near middle of anal orifice;

postanal seta considerably longer than
adanals, and rather robust and spinelike.

Metapodal plates elongate-oval, at least

twice as long as wide; unarmed venter
bearing approximately 10 pairs of setae.

2 immediately adjacent to holoventral
plate and anal region plus about 8 pairs

on posterior lateral body margins. Peri-

treme extending to middle or anterior
of coxa I. Dorsal plate bearing 39 pairs
of setaceous setae; length and position ap-
proximately as in female. Soft integument
of opisthosoma bearing about 8 to 10 pairs
of setaceous setae. Both proximal and dis-

tal setae of coxa I setaceous, with proxi-
mal seta somewhat longer than distal seta;

setae pd 1 and ad 1 of femur I subequal
in length, with seta pd slightly longer;
anterior seta of coxae II and III, posterior
sota of coxae II, and seta of coxa IV
setaceous, coxa IV seta somewhat shorter;
posterior seta of coxa III rather short,

robust, and spinelike; no robust, blunt
peglike preapical setae on tarsi II, III,

or IV; however, some preapical setae

and other leg setae may be shorter and
spinelike.

Collection records
Aethomys chrysophilus

South Africa; 2 coll. (3 females); AMP
Lemniscomys sp.

South Africa (Transvaal): 7 females;
Taufflieb. 1959

Lemniscomys griselda

Rhodesia; 1 coll. (1 female); AMP
South Africa; 1 coll. (1 female,

1 ny.); AMP
South Africa (Transvaal); 29 females;

Taufflieb, 1959 and 1964
Mastomys natalensis

South Africa; 4 coll. (4 females,
4 males) ; AMP

xSouth Africa (Transvaal) ; 22 females
(type specimens); Taufflieb, 1959

Rhabdomys pumilio
South Africa; 1 coll. (1 female); AMP

Saccosfomus campestris
Rhodesia; 1 coll. (1 female); AMP

Unknown
South Africa (ORS); 1 coll. (1 female);
AMP

Remarks.^— As noted previously, L.

tillae is phenetically quite similar to L.

hampalcnsis in overall morphological char-
acters but differs primarily in the smaller
size (dorsal plate less than 575 /x long)
and in the presence of a small, blunt,

|)oglike seta distally on coxa I. L. tillae

differs from the other two taxa of sub-
group A by the smaller, more slender
peglike distal seta of coxa I, the more
slender, setaceous proximal seta of coxa
1. and the slight invagination of the pos-

terior margin of the sternal plate.

L. tillae has been collected only from
southern Africa on a half dozen different

hosts; however, it is reported most fre-

quently from Mastomys natalensis and
Lemniscomys species.

Laelaps (Laelaps) peregrinus Taufflieb

Figs. 60-61

Laelaps peregrinus Taufflieb. 1059. .1. Ent. So.

Afr. 22(2): 401 -402 (Holotype: Pilgrims Rest,

Transvaal. South Africa; Museum d'Histoire



154 GREAT BASIN NATURALIST Vol. 36, No. 2

Figs. 60-61. Laelaps peregrinus Taufflieb, female. (60) venter; (61) dorsum, scale = 200/i.

Naturelle de Paris); Taufflieb, 1964, Z. f.

Parasiten 24:307.

Description.— Female-. (Figs. 60-61

)

Dorsal plate length 653 /a, width 438 //..

Gnathosomal and hypostonial setae seta-

ceous; medial hypostomal setae long, but
not reaching to base of gnathosomal setae.

Posterior margin of sternal plate invagi-

nated slightly beyond level of seta st. 3;

setae st. 1 rather long, reaching almost to

posterior margin of sternal plate. Anterior
flap of genital plate rather narrow and
not overlapping })osterior of sternal plate;

distance between 1st genital setae much
greater than distance between 4th genital

setae; distance between 2nd genital setae

distinctly greater than distance between
3rd genital setae; greatest width of genital

plate at level of 2n(l i)air of genital setae.

Anal plate sHghtly wider than long;

adanal setae of moderate length, extend-
ing to base of postanal seta; adanal setae

set at level near posterior end of anal
orifice; postanal seta considerably larger

than adanal setae. Unarmed venter bear-

ing about 17 [)airs of s(>ta(eous setae, 6

to 10 })airs distinctly ventral with others

more marginal; metapodal plates elongate-

oval. Peritreme extending to middle or

posterior of coxa I. Dorsal plate bearing

39 pairs of setaceous setae; most setae of

moderate length, length equal to distance

between adjacent setae; subtemiinal setae

(J5) reaching slightly beyond posterior

margin of dorsal plate; approximately 20
setae bordering dorsal o])isthosomal on
soft integument. Proximal seta of coxa I

setaceous but somewhat robust, distal seta

usually blunt, peglike (may be robust

and spinelike), and about half the length

of proximal seta; setae jkI 1 and ad 1 of

fenuir I subequal in length, with ad 1 only
slightly longer; anterior seta of coxae II

and III and seta of coxa IV setaceous;

posterior seta of coxae II and III bluntly

s|)in(>like; all leg setae setaceous; however,
some j)reapical setae of tarsi ^la^ be some-
what robust.

Male. Unknown.

CoLLKCTION RI'.COROS

Arl/ioriiys chryso])hiliis

South .XfritiK I roll. feiualo); AMP
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Rhabdomys pumilio
South Africa (Transvaal); 1 female

(typo specimen); Taufflieb, 1959

South Africa (Cape Prov.); 1 female;

Taufflieb. 196+
South Africa; 1 coll. {\ female); AMP
South Africa (Somerset East. Cape

Prov.); 1 coll. (1 female); AMP
Otomrs sp.

South Africa (Transvaal) ; 1 female; Tauff
lieb. 1959

Rem.\rks.— L. peregrinus and L. rou-

baudi are quite similar to each other, both

differing from L. tillae in the much mor(^

robust setae of coxa I. and in the deeper
invagination of the posterior margin of

the sternal plate. L. peregrinus may be

distinguished from L. rouhaudi by the fol-

lowing key characters: genital plate dis-

tinctly more expanded posteriorly with
greatest width at level of 2nd genital

setae; peritreme extends anteriorly only

to level of middle of coxa II; and larger

idiosoma, dorsal plate length greater than
600 /....

L. peregrinus has been collected to date

only from the country of South Africa,

almost exclusively from Rhabdomys
pumilio.

Laelaps (Laelaps) roubaudi Taufflieb

Figs. 62-65

T.aelaps roubaudi Taufflieb, 1954, Ann. Parasit.

29(4) ;437 (Holotype: Brazzaville. Congo;
Institut Pasteur, Paris); Tipton. 1960, Univ.
Calif. Publ. Ent. 16(6) :281.

Description.— Female-. (Figs. 62-63)

Dorsal plate length 523 ,". width 374 n..

Gnathosomal and hypostomal setae seta-

ceous; medial hyj)ostomal setae of medium
length, reaching slightly more than half

distance to base of gnathosomal setae. Pos-

terior margin of sternal plate moderately
invaginated. invagination reaching to or

slightly beyond level of 3rd sternal setae;

setae st. 1 relatively long, reaching to or

almost to level of 3rd sternal setae. An-
terior flap of genital plate overlapping
posterior margin of sternal plate only
slightly; distance between 1st genital setae

considerably greater than distance be-

tween 4th genital setae, and distance be-

tween 2nd genital setae subequal to dis-

tance between 3rd; greatest width of

genital plate at or betw^een 2nd and 3rd

genital setae. Anal plate triangular in

general shape, about as wide as long,

with anterior margin straight to slightly

concave or invaginated; adanal setae rel-

atively long, extending beyond base of

postanal seta; adanal setae set at level

near posterior one-third of anal orifice.

Unarmed venter bearing 7 or 8 pairs of

setaceous setae, 4 pairs immediately ad-

jacent to genital and anal plates plus 4 or

5 pairs near or on posterior lateral body
margins; metapodal plates irregularly

oval, slightly longer than wide. Peritreme
extending to level of middle or anterior

of coxa I. Dorsal plate bearing 39 pairs

of setaceous setae; most dorsal setae of

medium length, length equal to or slightly

greater than distance between adjacent

setae; subterminal setae (J5) reaching
slightly beyond posterior margin of dorsal

|)late. Fourteen to 16 pairs of setae border-

ing dorsal opisthosoma on soft integument.

Proximal seta of coxa I of medium length,

robust, and spinelike, distal seta of coxa

I short, robust, and peglike; setae ad 1

and pd 1 of femur I subequal in length;

anterior seta of coxae II and III and seta

of coxa IV setaceous, with coxa IV seta

rather small; posterior seta of coxa II

blunt, peglike but longer, posterior seta

of coxa III short, robust, and peglike;

one preapical seta of each tarsi II and III

spinelike; most other setae setaceous and
normally developed.

Male: ('Figs. 64-65) Gnathosomal and
hypostomal setae setaceous; medial hy-

postomal setae of moderate length, reach-

ing almost to base of gnathosomal setae.

Ventral setae, except adanal and postanal

setae, rather long and slender, extending

well beyond base of adjacent posterior

setae; holoventral plate very broad be-

tween coxae II and III, narrowing be-

tween coxae IV, and expanded posterior

to coxae IV; expanded area between geni-

tal setae and anal orifice bearing 5 pairs

of setaceous setae; adanal setae of medium
length, extending to or slightly beyond
base of postanal seta; adanal setae set at

level near posterior of anal orifice; post-

anal seta somewhat longer and consider-

ably more robust than adanal setae. Meta-
podal plates inapparent, apparently fused

to lateral extensions of holoventral plate;

unarmed venter bearing approximately

8 to 10 pairs of setaceous setae adjacent to

holoventral plate, marginal seta longer.

Peritreme extending to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; length and position approximately
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62 I vw r-ri//'' - 63

Figs. 62-63. Laelaps roubaudi Taufflieb, female. (62) venter; (63) dorsum, scale = 100^.

Figs. 64-66. Laelaps rouhaiuli Taiiffiieb, male. (64) venter; (65) dorsum, scale = 100^.
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as in female. Both proximal and distal

setae of coxa I setaceous, proximal seta

somewhat longer and more robust than
distal seta; setae ad 1 and pd 1 of fenuu"

1 suhecjual and medium in length; an-

terior seta of coxae II and III, posterior

seta of coxa II and seta of coxa IV seta-

ceous; posterior seta of coxa III short, ro-

bust, and spinelike; several preapical setae

of tarsi II and III somewhat robust and
spinelike; most other leg setae seta((Mius

and normally developed; however, som(>

may be shorter and rather spinelike.

Collection records
Crocidura sp.

Nigeria; 1 coll. (1 female); AMP
Tatera kempi
Dahomey; 1 coll. (4 females); AMP
Ivorv Coast; 2 coll. (3 females, 5 males)

;

AMP
Taterillus nigeriae

Nigeria (northern); 1+ coll. (
1
-f female);

AMP
Dasymys foxi

Nigeria; 2 coll. (4 females); AMP
Dasymys incomptus
Congo (Brazzaville) ; 1 1 females

(type specimens): Taufflieb. 1954
Ivorv Coast; 8 coll. (20 females.

6 ny.); AMP
Lophuromys sikapusi

Congo (Brazzaville); Taufflieb. 1962
Pelomys sp.

Congo (Brazzaville); Taufflieb. 1962
Praomrs tullbergi

Ghana; 1 coll. (1 female); AMP
Remarks.— As noted previously, L.

roubaudi is most similar to L. peregrinus
but differs in being a smaller species

(length of dorsal plate less than 6()0 /x).

Also, the peritreme extends distinctly

further anteriorly (to level of middle of

coxa I), and the distance between 2nd
genital setae is no greater than that be-

tween 3rd. It may be separated from L.

tillae by the more robust setae on coxa I

and the deeper invagination of the pos-

terior margin of the sternal plate.

L. roubaudi has been collected from a

variety of different hosts in northwest
Africa south of the vSahara. More speci-

mens have been collected from Dasymys
incomptus than from any other host, but
the number of collections from any one
host species is not sufficient to draw ac-

curate conclusions on host-parasitic re-

lationships.

Subgroup B

The formation of this subgroup is based
primarily on the numerical taxonomic

results. The 5 taxa of this subgroup differ

from subgroup A by the presence of one
or more blunt, peglike setae a})ically on
tarsi II and III, but there is no set of key
characters which easily distinguishes this

snbgrouj) from subgroup (]. As noted pre-
xiously, L. aethiopicus differs from the
oth(u- taxa of this subgroup in bearing
blunt, peglike setae both j)roximally and
distally on coxa I; however, it is phenetic-
ally similar to the taxa of this subgroup
in overall similarity.

Laelaps (Laelaps) nuttalli Hirst

Figs. 66-72

Laelaps nuttalli Hirst. 191 '5. Bull. Ent. Res. 6:

18S (Holotype: Colombo, Ceylon; British Mu-
seum

I
Natural Historv], London); Zumpt,

1950, S. Afr. .1. Med. Sci. 15:87; Keegan,
1956. J. Egvpt. Publ. Hlth. Assoc. 31:262;
Zumpt and Till, 1958. .1. Ent. Soc. So. Afr.
21:266; Taufflieb, 1959. J. Ent. Soc. So. Afr.
22:406; Tipton. 1960. Univ. Calif. Publ. Ent.

16:278; Coffee. 1971. Zeitsc.h. Angew. Zool.
58:43-52.

Description.-— Female: (Figs. 66-70)
Dorsal plate length 621 /-., width 423 /x.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae relatively

long, not reaching to base of gnathosomal
setae. Posterior margin of sternal plate

only slightly invaginated; setae st. 1 rel-

atively long, reaching almost to posterior

margin of sternal plate. Anterior flap of

genital plate slightly overlapping posterior

of sternal plate; distance between 1st geni-

tal setae and 4th genital setae approxi-

mateh' equal; greatest width of genital

plate at or slightly anterior to 3rd pair

of genital setae. Anal plate roundly tri-

angular, anterior margin somewhat
rounded, width approximately equal to

length; adanal setae of medium length,

less than distance to postanal seta; adanal
setae set at level of posterior end of anal
orifice. Unarmed venter bearing about
12 pairs of setaceous setae, 5 pairs adja-

cent to genital and anal plates plus about
7 pairs near or on posterior lateral body
margins; metapodal plates elongate oval.

Peritreme extending to or nearly to mid-
dle of coxa I. Dorsal plate bearing 39
pairs of setaceous setae; mo-^t dorsal setae

of medium length, length almost equal
to distance between adjacent setae; sub-

terminal setae (J5) reaching almost to

posterior margin of dorsal plate. Ten to

12 pairs of setae bordering dorsal opistho-
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Figs 66-70. Laelaps nullalli Hirst, fo.nalo. (66) vonter: (67) dorsum, scale lOO.u: (68) ventral

,ew of tarsus IT; (69) vo.itral view of tarsus III: (70) vontral vm-u of tarsus IV. scale - 50,«.
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Figs. 71-72. Laelaps nultalli Hirst, niiile. (71 j venter; (72) doisuni. scale =^ 100/i.

soma on soft integiunent. Proximal seta

of coxa I setaceous and of medium length,

distal seta relatively short, blunt, and
peglike; setae ])d 1 and ad 1 of femur I

subequaj in length, with ad 1 seta only
slightly longer; anterior seta of coxae T

and II and seta of coxa IV setaceous. Pos-
terior seta of coxae II and III robust and
peglike; tarsi II and III each with two
blunt, preapical setae, and tarsus IV with
one blunt, prea[)i(al s(>tae; all other leg

setae setaceous and normall}- develo})0(l.

Male: (Figs. 71-72) Gnathosomal and
hy{)ostomal setae setaceous; medial hy-
postomal setae of moderate length reach-
ing to base of gnathosomal setae. Ventral
setae, except adanal setae, rather long and
slender, each extending well beyond base
of posterior seta; holoventral plate rather
broad between coxae II and III, greatly
narrowing between coxae IV, and greatly

expanded posterior to coxae IV; expanded
area between genital setae and anal orifice

bears 5 pairs of setaceous setae; adanal

setae of medium length, extending slightly

beyond base of postanal seta; adanal setae

set at level near posterior end of anal

orifice; |)osterior seta approximately twice
as long as adanals antl usually slightly

more robust. Metapodal plates inapparent,
apparently fused to lateral extension of

holoventral plate; unarmed venter bear-

ing approximatelv 12 to 14 pairs of seta-

ceous setae adjacent to holo\entral [)late,

those closer to holoventral plate rather

short, with those on margins quite long.

Peritreme extends to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; length and position of setae ap-

proxiiTiately as in female. Both proximal
and distal setae of coxa I setaceous, proxi-

mal seta slightly longer and more robust

than distal seta; setae pd 1 and ad 1 of

femur I subecjual in length, jxl 1 seta

slightly longer; anterior seta of coxae II

and III, and posterior seta of coxa IV
mostlv setaceous but somewhat robust ba-

sal ly: posterior seta of coxa III short,
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quite robust, and spinelike to peglike; sev-

eral preapical setae of tarsi II and III

rather robust and spinelike; most other leg

setae setaceous and normally developed;

however, some may be shorter and some-
what spinelike.

Collection records
Rattus rattus

Belgian Congo (Elizabethville) ; Znnipt.

1961

Madagascar; 1 female; Zumpt, 1961,

and Coffey, 1971

Madagascar; 4 coll. (65 females,

2 males) ; AMP
Mauritius; 4 coll. (12 females); AMP

Maslomys coucha
South Africa; Tipton, 1960

Remarks.— L. nuttalli and L. aethio-

picus may be easily distinguished from the

other taxa of subgroup B by the longer

peritreme which extends anteriorly to near
middle of coxa I. These two taxa also

differ from the taxa of subgroup C, except

for L. myomys, in the same character. L.

nuttalli and L. myomys may be separated

from L. aethiopicus in that the proximal
seta of coxa I is setaceous rather than
blunt and peglike. L. nuttalli bears smaller

setaceous gnathosomal setae, setaceous

ventral leg setae, and moderate-length
adanal setae rather than robust, spinelike,

or peglike ventral leg setae and short

adanal setae as in L. myomys.
L. nuttalli is reported almost exclusively

from Rattus rattus in the Ethiopian region.

All collections of the African Mammal
Project were from this host in Madagascar
and Mauritius. L. nuttalli is a rather cos-

mopolitan mite, occurring worldwide
wherever Rattus species are found.

Laelaps (Laelaps) aethiopicus Hirst

Figs. 73-76

Laelaps aethiopicus Hirst, 1925, Proc. Zool. Soc

Lond. 4:56 (Holotype: Ashundwa's Camp,
Wanga, Kenya; British Museum

|
Naural His

tory], London); 7umpt, 1950, So. Afr. ,1. Med.
Soc. 15:78; Badford, 1950, Parasitology 40
(3-4):368; Keegan, 1956, Egypt. Publ. Hlth.

Assoc. 31 (6): 258.

Description.— Female: (Figs. 73-76)

Dorsal plate length 672 /-., width 501 /x.

(jnathosomaj and hypostomal setae seta-

ceous; medial hypostomal setae long,

reaching almost to base of giialbosonial

setae. Posterior margin of sternal plate

slightly invaginated, invagination reach-

ing no further than Unol of -Jrd stern;d

setae; setae st. 1 long, reaching beyond
posterior margin of sternal plate. Anterior
flap of genital j)late overlapping posterior

margin of sternal plate only slightly; dis-

tance between 1st genital setae distinctly

less than distance between 4th genital

setae, and distance between 2nd genital

setae distinctly less than distance between
3rd genital setae; greatest width of genital

plate at level of 3rd pair of genital setae.

Anal j)late roundly triangular, almost as

wide as long, with anterior margins
rounded; adanal setae of moderate length,

extending to or slightly beyond base of

postanal seta; adanal setae set at level of

posterior end of anal orifice. Unarmed
venter bearing approximately 12 pairs

of setaceous setae, 4 pairs adjacent
to genital and anal plate plus approx-
imately 6 pairs near or on posterior

lateral body margins; metapodal plates

elongate-oval. Peritreme extending to level

of middle or at least posterior of coxa I.

Dorsal plate bearing 39 pairs of setaceous

setae; most dorsal setae relatively long,

length equal to or slightly greater than
distance between adjacent setae; subter-

minal setae (J5) reaching to or slightly

beyond posterior margin of dorsal plate.

Eighteen to 20 pairs of setae bordering
dorsal opisthosoma on soft integument.
Both jiroximal and distal setae of coxa I

robust, blunt, and peglike, with distal seta

slightly shorter than proximal seta; setae

I)d 1 of femur I slightly longer than ad 1

;

anterior seta of coxae II and III and seta

of coxa IV setaceous; posterior seta of

coxae II and III robust, blunt, and peglike;

tarsus II with four or five robust, blunt

preapical setae, tarsus III with three or

four blunt, robust preapical setae, and
tarsus IV with two blunt preapical setae;

all other leg setae setaceous and normal-
ly developed.

Collection records
"Bats"
Kenya (Ashundwa's Camp, Wanga); Hirst.

1925

Ri'.marks.— L. aethiopicus is easily dis-

tinguished from other taxa of subgroup B
as well as all others of major group II

by the robust, peglike })ro\imal seta of

coxa I. Based u]ion this one character

alone, this mite would be [ilaced in major
group III with L. ransomereni; however,

in overall morphological characters it

most closeK' resembles l.. tuittalli. L.
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Figs. 73-76. Laelaps aethiopicus Hirst, female. (73) venter; (74) dorsum, scale = lOO/z; (75)

ventral view of tarsus II; (76) ventral view of tarsus III. scale = 50//.

aethiopicus differs from taxa of major
group III by the following characters:

gnathosomal setae setaceous, never robust
and spinelike or peglike; 1st sternal setae

long, extending beyond posterior margin
of sternal plate; and adanal setae slender
and setaceous, not robust and spinelike.

L. aethiopicus is known only from the

type collection which is reported by Hirst

(1925) from Kenya on "Rats." No speci-

mens have yet been recovered from the

African Mammal Project collections.

Laelaps {Laelaps) liberiensis Hirst

Figs. 77-83

Laelaps liberiensis Hirst. 1925, Proc. Zool. Soc.

Lond. 4:68 (Holotype: Gonj'on CountpS Li-

beria; British Museum [Natural History],

London); Keegan, 1956, J. Egypt. Publ. Hlth.

Assoc. 31:261; Zumpt and Till 1958. J. Ent.
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Figs. 77-81. Lorlaps liberirnsis Hirst, foninlp. (77) voiitiM-; (78) dorsum, scale - lOO/i; (79) ven-

tral view of tarsus II; (80) ventral view of tarsus III; (81) ventral view of tarsus IV, scale = 50/i.



June 1976 HERRIN. TIPTON: AITIICAN LAELAPS 163

Soc. So. Afr. 21:266; Taufflich. l<)5y. J. Ent.

Soc. So. Afr. 22:406; Tipton, 1960, Univ.
Calif. Publ. Ent. 16:275; Coffee. 1971,

Zeitsch. Angew. Zool. 18:43-46.

Laelaps lamborni Hirst. 1925, Proc. Zool. Soc.

Eond. 4:61 (Holotype: Karonga, Nyasaland;
British Mnesinii [Natural History |. London);
Zumpt. 1950, So. Afr. J. Med. Soc. 15:78;

Keegan. 1956, .1. Eg>pt. Puhl. HIth. Assoc.

,31:260; Zumpt and Till. 1958, J. Ent. Soc. So.

Afr. 21:266; Taufflieh. 1959, J. Ent. Soc. So.

Afr. 22:460; Tipton, I960, Univ. Calif. Publ.

Ent. 16:273; Coffee. 1971, Zeitsch. Angew.
Zool. 58:43-46.

Description.^— Female: (Figs. 77-81 )

Dorsal plate length 634 ^, width 432 /(..

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae moderately
long but not reaching base of gnathosomal
setae. Posterior margin of sternal plate

slightly invaginated; setae st. 1 moderate-
ly long, reaching to base of .setae st. 3.

Anterior flap of genital plate slightly

overlapping posterior margin of sternal

plate; distance between 1st genital setae

subequal to that between 4th genital setae;

distance between 2nd genital setae distinc-

tly less than distance between 3rd genital

setae; greatest width of genital plate at

level of 3rd genital setae. Anal plate rela-

tively triangular, almost as wide as long,

with anterior margin relatively straight;

adanal setae rather long, extending dis-

tinctly beyond base of postanal seta;

adanal setae set at level near posterior

end of anal orifice. Unarmed venter bear-

ing approximately 10 to 12 pairs of seta-

ceous setae, 4 or 5 pairs adjacent to geni-

tal and anal plates plus 5 or 6 pairs near
or on posterior body margins; metapodal
plates oval. Peritreme extending to level

of middle or anterior of coxa II. Dorsal
plate bearing 59 pairs of setaceous setae;

most dorsal setae of medium length,

length approximately equal to distance

between adjacent setae; subterminal setae

extend beyond posterior margins of dorsal

plate. Nine to 12 pairs of setae bordering
dorsal opisthosomal on soft integument.
Proximal seta of coxa I of moderate length

and setaceous, distal seta of coxa I rela-

tively short, bkmt, and peglike; setae

pd 1 and ad 1 of femur I subequal in

length; anterior seta of coxae II and III

and seta of coxa IV setaceous; posterior

seta of coxae II and III robust, blunt, and
peglike; tarsus II \\'ith two robust, blunt

preapical setae, tarsus III with one blunt,

robust preapical seta, and tarsus IV with

one blunt preapical seta; all other leg

setae setaceous and normally developed.

Ma/e: (Figs. 82-83) Gnathosomal and
hypostomal setae all setaceous, with me-
dial hypostomal setae moderately long
but not reaching to base of gnathosomal
setae. Ventral setae, except adanal and
postanal setae, relatively long, each ex-
tending in length beyond base of seta im-
mediately })osterior by about one-third its

length; holoventral plate rather narrow
between coxae IV but considerably ex-
panded posterior to coxae IV; expanded
area between genital setae and anal orifice

bears five pairs of setaceous setae; adanal
setae of moderate length, extending slight-

ly beyond base of postanal seta; metapodal
[)lates not ap})arent; unarmed venter bear-

ing 15 to 20 pairs of setaceous setae vary-
ing in length from rather short to quite

long. Peritreme extending to middle of

coxa II. Dorsal plate bearing 39 pairs of

setaceous setae; length and position of

setae as in female. Both proximal and
distal setae of coxa I setaceous; however,
proximal seta much larger and more ro-

bust with distal seta about half the length;

setae pd 1 and ad 1 of femur I subequal
in length; anterior seta of coxae II and
III and seta of coxa IV setaceous; pos-

terior seta of coxa II setaceous but some-
what robust; posterior seta of coxa III

rather short, robust, and spinelike; one
or two preapical setae on tarsi II and III

spinelike but not blunt and peglike; all

other leg setae setaceous and normally
developed.

Collection records
FAephanlulus mrurus

South Africa (ORS); 1 coll. (1 female);
AMP

]\ lacroscelides proboscideus
South Africa (ORS); 1 coll. (1 female);
AMP

Crocidura sp.

Ghana; 2 coll. (3 females); AMP
Crocidura hirtn

Rhodesia; 1 coll. (2 females); AMP
Hvpsignatliae monslrnsus

Ivory Coast; 1 coll. d female); AMP
Nrcfrris hispi/la

Mauritania; 1 coll. (3 females): AMP
Nrcteris macrotis

Senegal; 1 coll. (1 female); AMP
Rhinolophus simulator

Rhodesia; 1 coll. fl female) ; AMP
Eptesicus rapensis

South Africa (ORS); 1 coll. (2 females);

AMP
Tadarida leoiiis

Senegal; 2 coll. (3 females); AMP
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Figs. 82-83. Laelaps liberiensis Hirst, male. (82) venter; (83) dorsum, scale 100^.

Tadarida major
Upper Volta; 1 roll. (1 female); AMP

Tadarida pumila
Togo; 1 coll. (2 females); AMP

Galago senegalensis

Upper Volta; 3 coll. f5 females.

2ny.); AMP
Ceropithecus mitis

Rhodesia; 1 coll. (1 female); AMP
Erythrocehus pata
Upper Volta; 1 coll. (1 female,

1 male); AMP
Lepus saxtilis

Botswana; 1 coll. (4 females); AMP
Iryptomys hnltentotiis

Botswana; 2 coll. (5 females.

1 male); AMP
South Africa (ORS); 1 coll. (1 female);
AMP

South Africa; 2 coll. (2 females,

1 male); AMP
Graphiurus murinus

Nigeria fAfon); 2 females; (Coffey. 1971

Desmodillns auricularis

South Africa (ORS); 1 coll. (1 female);
AMP

Desniodillus braiirri

Upper Volta; 2 coll. (2 females,

3 ny.); AMP
Gcrhillus paeba

.South Africa (ORS); 1 coll. (1 female);
AMP

South Africa; 1 coll. (1 female,

I uy.); AMP
Tatera sp.

Congo (Leopoldvillo) ; 6 females;

Taufflieb, 1964

Tatera garnbianus
Senegal; 3 coll. (1 female, 1 male.

3ny.);AMP
Tatera guineae
Ghana; 1 coll. (1 female); AMP

Tatera kempi
Dahomc^'; I coll. (1 female,

1 male); AMP
Ghana; 1 coll. (12 females); AMP
Ghana (south); 1 female;

Paperna et al, 1970
Ivorv Coast; 6 coll. (8 fenuiles.

2 males. 1 nv.) ; AMP
Upper Volta; \ coll. (1 female); AMP

Tatera Icucogaster

Botswana; 2 coll. (4 females); AMP
South Africa (ORS); 1 coll.

( I female) ; AMP
South Africa; '5 coll. (4 femnl(>s.

1 male); AMP
Tatrrilli/s gracilis

Upper Volta; 1 coll. (5 females.

3 ny.); AMP
Taterillus nigeriae

Nigeria (Dada): 1 male; Coffey. 1971
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Dendromus melanotis
South Africa (ORS); 1 coll. (2 females);

AMP
Malacolhrix typicus

South Africa (ORS); 2 coll. (4 females);

AMP
Steatomys caurinus

Ivory Coast; 1 coll. (6 females); AMP
AcoTTiYS cahirinus
Ghana; 1 coll. (1 female); AMP

Aelhomys chrrsophilus
Botswana; 2 coll. (2 females.

1 niiile); AMP
Rhodesia; 1 coll. (1 female); AMP
South Africa (ORS); 4 coll.

(6 females); AMP
South Africa; 22 coll. (32 females,

16 males, 4 ny.); AMP
AethoTTiYS namaquensis

South' Africa (ORS); 4 coll. (4 females);
AMP

South Africa (Cape) ; 1 female;
Taufflieb. 1964

Aethomys stannarius
Nigeria (Ugar. Jabar); 6 females;

Coffey. 1971

Arvicanthis niloticus

Egypt (El Talbivo. Giza); Keegan, 1956
Ghana; 1 coll. (1 female); AMP
Ivory Coast; 1 coll. (1 female); AMP
Nigeria; 1 coll. (2 females) ; AMP
Nigeria (Panyam Fish Farm); 15

females. 3 males; Coffey. 1971

Nigeria (Ugar, Jabar); 3 females.

1 male; Coffey. 1971
Cricetomys emini
Upper Volta; 1 coll. (1 female);
AMP

Cricetomys gambianus
Nigeria; 1 coll. (1 female,

1 male) ; AMP
Dasymys incomptis

Rhodesia; 1 coll. (2 females); AMP
Dephomys defua
Ghana; 1 coll. (2 females); AMP
Liberia (Gonvon Country) ; 1 female;

Hirst. 1925
Grammomys dolichurus
Upper Volta; 1 coll. (3 females);
AMP

Hylomyscus alleni

Ghana; 1 coll. (3 females.

5 males, 11 ny.); AMP
Togo; 3 coll. (3 females) ; AMP

Lemniscomys barbarus
Nigei-ia (Upper Ogum Ranch); 1

female. 1 male; Coffey, 1971
Lemniscomys griselda

South Africa; 1 coll. (\ female.
3 males); AMP

South Africa (Transvaal); 1 female;
Taufflieb. 1964

Lemniscomys striatus

Nigeria; 2 coll. (6 females,
4 males); AMP

Togo; 3 coll. (8 females); AMP
Lophuromys sikapusi

Ghana; 1 coll. (4 females) ; AMP
Nigeria (Ibadan); 1 female; Coffey, 1971

Malacomys longipes
Ivory Coast; 1 coll. (2 females,

3 males. 9 ny.); AMP

Mastomys sp.

Angola (Dundo); 2 females;
Taufflieb. 1962

Mastomys albicaudatus
South' Africa (ORS); 1 coll.

(2 females); AMP
Mastomys coucha

Bas-Congo (Boma-Matadi) ; 178 females;
Taufflieb, 1964

Congo (Brazzaville); Taufflieb, 1962
Mastomys erythroleucus

Ivorv Coast; 26 coll. (120 females.

39 males, 129 ny.); AMP
Mastomys natalensis

Botswana; 1 coll. (3 females); AMP
Dahomey; 1 coll. (6 females); AMP
Ghana (Acra-Tema); Papema ct al., 1970
Ghana; 100 coll. (321 females.

64 males, 101 ny.); AMP
Ivory Coast; 54 coll. (168 females,

61 males. 39 ny.); AMP
Nigeria (Panisau); l+colL; AMP Zumpt

collection

Nigeria; 68 coll. (292 females.

94 males. 246 ny.); AMP
Rhodesia; 59 coll. (258 females.

9 males, 4 ny.); AMP
Senegal; 213 coll. (877 females.

112 males, 361 ny.); AMP
South Africa (ORS); 27 coll.

(50 females); AMP
South Africa (Transvaal); 1 female;

Taufflieb, 1964
South Africa; 102 coll. (302 females.

119 males, 69 ny.); AMP
Togo; 4 coll. (10 females, 1 male,
2ny.); AMP

Upper Volta; 63 coll. (79 females,

62males. 89ny.); AMP
Mus minutoides

South Africa (ORS); 4 coll.

(5 females); AMP
South Africa; 1 coll. (1 male); AMP

Mus musculus
Egypt (Nahya. Imbaba. Giza); Keegan, 1956

Mus musculoides
Nigeria (Ibadan); ^ females;

Coffey. 1971

Nigeria (Federal Dist.); 2 females;

Coffey. 1971

Senegal; 1 coll. (1 female); AMP
Togo; 1 coll. (2 females.

1 male); AMP
Myomys daltoni

Ghana; 3 coll. (4 females); AMP
Ivory Coast; 1 coll. (1 female); AMP
Senegal; 9 coll. (19 females,

7 males. 11 ny.); AMP
Praomys daltoni

Nigeria (Zaria); 2 females; Coffey, 1971

Praomys fumatus
Nigeria (lella); Coffey, 1971

Praomys jacksoni

Angola (Dundo) ; 1 female;
Taufflieb. 1962

Congo (Leopoldville) ; 1 female;

Taufflieb. 1964
Kenya (Rift Valley Prov.);

Keegan, 1956
Praomys tullbergi

Congo (Brazzaville); Taufflieb, 1962
Ghana; 4 coll. (4 females); AMP
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Nigeria; 3 coll. (5 females.

3 males, 3 ny.); AMP
Togo; 1 coll. (1 female,

1 ny) ; AMP
"Rats"
Kenya (No. Kitosh & Wamia);

Hirst, 1925
Nyasaland (Karonga); Hirst. 1925

Praomys morio
Cameroon; Taufflieb and Mouchet, 1959
Congo (Brazzaville); Zumpt, 1961

Rattus frugivorus
Congo (Brazzaville): Taufflieb, 1962

Rattus norvegicus
Cameroon (Yaounde); Zumpt. 1961

Rattus rattus

Congo (Leopoldville) ; 1 female;

Taufflieb, 1964
Nigeria (Onitri); Keegan, 1956

Rhabdomys pumilio
Kenya (Njoro. Rift Valley); Keegan, 1956
South Africa (ORS); 10 coll. (13

females); AMP
South Africa; 6 coll. (16 females,

7 males, 3ny.); AMP
Saccostomus campestris

South Africa (ORS); 4 coll.

(5 females); AMP
South Africa; 1 coll. (3 females); AMP

Thamnomys rutilans

Togo; 1 coll. (1 female); AMP
Uranomys ruddi

Ivory Coast; 1 coll. (1 female); AMP
Otomys irroratus

South Africa (ORS) ; 1 coll.

(1 female); AMP
Thryonomys swinderianus

Rhodesia; 1 coll. (1 female); AMP
Funisciurus pyrrhopus

Ivory Coast; 1 coll. (1 female); AMP
Nigeria (Felele); 1 female; Coffey, 1971

Ictonyx striatus

South Africa (ORS); 1 coll. (2 females);
AMP

Genetta servalina

Senegal; 1 coll. (1 female); AMP
Genetta villiersi

Ivory Coast; 1 coll. (1 female); AMP
Crossarchus obscurus

Ivory Coast; 1 coll. (1 female.

1 male) ; AMP
Herpestes sanguineus

Rhodesia; 1 coll. (2 females); AMP
Unknown host

Botswana; 18 coll. (204 females,

12 males, 5 ny.); AMP
Ivory Coast; 5 coll. (28 females,

9 males, 3 ny.); AMP
Rhodesia; 1 coll. (7 females); AMP
Togo; 1 coll. (8 females); AMP
South Afri(a; 35 coll. (73 females.

21 males, 29 ny.); AMP

Remarks.— L. liberiensis is j)heneti(al-

ly quite close to L. setzeri, L. henoiti, L. nl-

frericus, and L. nuttalU. It is easily sepa-

rated from L. nuttaUi by the shorter peri-

trerne, and from T.. al^cricus by the lack

of a heavily seleroli/.cd anterolateral mar-
gin of the dorsal plate. Also, /.. (il^crirus

has not been reported from the Ethiopian
rep^ion, although it does occur in Africa

just north of the Sahara. L. liberiensis

differs from L. henoiti by a distinctly

shallower invagination of the posterior

margin of the sternal plate and the ab-

sence of a pair of posterior projections on
the sternal plate; also, the bodv setae,

especially dorsally, are somewhat less ro-

bust than in L. henoiti. L. liheriensis is

easil}" separated from L. setzeri by the size

of the posterior central setae of the dorsal

plate. In the former all dorsal setae are

medium size to long, whereas in the latter

the setae of the posterior central area

are much reduced in length. Another
character which may be used to separate

L. liheriensis from other taxa of major
group II is the presence of only two blunt,

peglike preapical setae on tarsus II, and
two or three such setae on tarsus III but
with only one in the preapical position.

L. liheriensis was synonymized with L.

lamhorni by Coffey (1971), a decision i

with which we fully agree. This species '

is the most widely distributed of all

Laelaps species in Africa, both in geo-

graphic distribution and in host associ- |

ation. It has been reported from a multi- '

tude of hosts throughout the Ethiopian
region as well as in Africa north of the

j

Sahara (Egypt and Morocco). The host i

with which it is most closely associated

is Mostoniys natalensis; in the collections

of the African Mammal Project by far

the majority of the collections of this mite
were from this host species.

During the examination of specimens
of L. liheriensis from the different locali-

ties and hosts, a certain amount of mor-
phological variability was observed, pri-

marily in the size and general shape of

body structures. The large collection of

specimens in the African Mammal Project

woidd be ideal for further statistical anal-

yses of inlraspecific variability between
]()( alities and host species.

J.dehips {Laelaps) setzeri ('offee

Figs. 84-90

f.aelaps setzeri Coffee. 1971. '/citsihr. Angmv.
Zool. 58:49-51 (Holofype: Tsaiuliagn, North-
ern Nigeria; U. S. National Musuem. Wash-
ington. F"). C'.).

ni-.sciuPTioN.— Female: (Figs. 84-88)

Dorsal plate length 714 /(, witlth '512 /i.

(rnathosomal atid hvpostomal setae seta-
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Figs 84-88. Laelaps setzeri Coffee, female. (84) venter; (85) dorsum, scale = 200ju; (86) ventral
viewr of tarsus II; (87) ventral viev\' of tarsus III; (88) ventral view of tarsus IV. scale = 50^.



168 GREAT BASIN NATURALIST Vol. 36, No. 2

Figs. 89-90. Laelaps setzeri Coffee, male. (89) venter; (90) dorsum, scale = 100/i.

ceous; medial hypostomal setae of moder-
ate length, not reaching to base of gnatho-
somal setae. Posterior margin of sternal

plate slightly invaginated medially; setae

St. 1 of moderate length, reaching almost
to level of base of setae st. 3. Anterior
flap of genital plate slightly overlapping
posterior margin of sternal plate; distance
between 1st genital setae and 4th genital

setae subequal; distance between 2nd geni-

tal setae distinctly less than distance be-

tween 3rd genital setae; greatest width of

genital plate at level near 3rd pair of

genital setae. Anal plate triangular in

shape, almost as wide as long, and with
anterior margin straight; adanal setae of

moderate length, extending to or slightly

beyond base of postanal seta; adanal setae

set at level of posterior end of anal orifice.

Unarmed venter bearing 14 to 16 pairs

of setaceous setae, 4 pairs adjacent to geni-

tal and anal plates, plus ai)proximately
10 to 12 i)airs near or on f)osterior lateral

body margin; metapodal plates irregu-

larly oval, width approximately equal to

length. Peritreme extending to level of

middle or anterior of coxa II. Dorsal plate

bearing 39 pairs of setaceous setae; an-

terior, lateral, and all marginal dorsal

setae relatively long, but about 7 pairs of

posterior central dorsal setae rather small;

subterminal setae (J5) smallest, reaching
no further than level of base of setae Z5.

Ten to 12 pairs of setae border dorsal

opisthosoma on soft integument. Proximal
seta of coxa I setaceous and of moderate
length, distal seta of coxa I short, robust,

and peglike; setae pd 1 and ad 1 of femur
I of moderate length and subequal; an-

terior seta of coxae II and III and seta of

coxa IV setaceous; posterior seta of coxa
II of moderate length, blunt, and peglike;

posterior seta of coxa III rather short,

robust, and peglike; tarsus II witli two ro-

bust, blunt, peglike preaj)ical setae; tarsi

III and IV each with one rather robust,

blunt preapical setae; all other leg setae

setaceous and normally developed.

Male: (Figs. 89-90) Gnathosomal and
hypostomal setae setaceous; medial hy-
postomal setae of moderate l(>iigth. reach-

ing almost to base of gnathosomal setae;

ventral setae, except adanal and postanal

setae, very long and slender, each extend-

ing much beyond base of adjacent pos-

terior setae; holoventral ])late broad be-
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tween coxae II and III, extremely nar-

rowing between coxae IV, and greatly ex-

panded posterior to coxae IV; expanded
area between genital setae and anal ori-

fice bearing 5 pairs of setaceous setae;

adanal setae of medium length, extending
to or slightly beyond base of postanal seta;

adanal setae set at level near posterior

end of anal orifice; postanal seta at least

twice as long as adanal setae and some-
what more robust. Metapodal plates inap-

parent, apparently fused to lateral exten-

sion of holoventral plate; unarmed venter
bearing approximately 12 to 14 pairs of

setaceous setae adjacent to holoventral

plate, more marginal setae much longer.

Feritreme extending to middle of coxae
II. Dorsal plate bearing 39 pairs of seta-

ceous setae; length and position of setae

approximately as in female. Both proxi-

mal and distal setae of coxa I setaceous;

however, proximal seta much longer and
much more robust than short, slender

distal seta; setae pd 1 and ad 1 of femur
I subequal in length, pd 1 seta slightly

longer; anterior seta of coxae II, III, and
IV setaceous and somewhat enlarged
basally; posterior seta of coxa II of me-
dium length, rather robust, and somewhat
spinelike; and posterior seta of coxa III

short, robust, and spinelike to peglike;

1 seta of each tarsus II and III robust,

blunt, and peglike; several other pairs of

setae of tarsi II and III rather robust and
spinelike; most other leg setae setaceous

and normally developed; however, some
may be shorter and rather spinelike.

COLLKCTION RECORDS
Hipposideros caffer

Ivory Coast; 1 coll. (2 females,

1 male) : AMP
Scotophilus nigrita

Ivory Coast; 1 coll. (6 females); AMP
AcoTUYS cahirinus

Ghana; 1 coll. (1 female); AMP
Malaconiys longipes
Togo; 1 coll. (4 females.

3 males. 1 ny.); AMP
Mastomrs natalensis

Togo;' 2 coll. (2 females); AMP
Mus musculoides

Nigeria (Ilashe); 3 females;
Coffey, 1971

Togo; 2 coll. (4 females); AMP
Praomys alleni

Nigeria (Tsanchaga); 13 females;
Coffey. 1971

Nigeria (Federal Dist.); 2 females;
Coffey. 1971

Nigeria (Igbo-Ora); 2 females;
Coffey, 1971

Praomys jacksoni

Nigeria (Igb6-0ra); 2 females; Coffey, 1971
Nigeria (Kudo); I female;

Coffey, 1971

Praomys tullbergi

Ghana; 31 coll. (32 females,

21 males. 12 ny.); AMP
Ivorv Coast; 39 coll. (64 females,

62 males, 140 ny.); AMP
Nigeria (Sapaba); 1 female;

Coffey, 1971
Nigeria (Federal Dist.); 3 females;

Coffey. 1971

Nigeria; 1 coll. (1 female.

1 male. > ny.); AMP
Senegal; 2 coll. (7 females.

1 male,); AMP
Togo; 63 coll. (149 females,

36 males. 8 ny.); AMP
Rattus rattus

Ivory Coast; I coll. (1 female); AMP
Unknown host

Ivorv Coast; 1 coll. (1 female); AMP
Togo; 1 coll. (2 females); AMP

Rem.\rks.— L. setzeri may be easily

distinguished from other closely related

taxa by the following characters: distinct-

ly shorter setae on the dorsal plate pos-

terior and central in position; tarsus II

with only two blunt, peglike preapical

setae; and the posterior margin of the

sternal plate only slightly invaginated and
if pair of posterior projections present,

rather small.

This taxon is reported primarily from
Paromys species, most frequently P. tull-

bergi, in northwestern Africa south of the

Sahara.

Laelaps (Laelaps) benoiti Taufflieb

Figs. 91-97

Laelaps benoiti Taufflieb, 1964. Rev. Zool. Bot.

Afr. 69(3-4) :377-380 (Holotype: Kibombo.
Lwiro, Kivu. Congo-Leopoldville; Musee Royal
de I'Afrique Centrale, Turvuren, Belgium).

Description.— Female-. (Figs. 91-95)

Dorsal plate length 770 /i, width 570 /x.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae relatively

long, but not reaching to base of gnatho-

somal setae. Posterior margin of sternal

plate moderately invaginated medially,

with two posterior projections between
3rd sternal setae and medial invagi-

nation; setae st. 1 of medium length,

reaching to level halfway between 2nd
and 3rd sternal setae. Anterior flap of

genital plate overlapping posterior margin
of sternal plate only slightly; distance

between 1st genital setae somewhat less

than distance between 4th genital setae,
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•Figs. 91-95. Laelaps benoiti 'I'auffliob, foniiilc. (91) venter; (92) dorsum, scale =- 200/i; (93) ven-

tral view of tiirsus II; (94) voiiti;il view of tnrsiis III; (9'i) ventral viow of tarsus IV. scalp ^ 50/i.
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distance between 2n(l genital setae less

than distance between 3rd genital setae;

greatest width of genital plate at level of

3rd genital setae. Anal plate triangular

in general shape, almost as wide as long,

with anterior margins straight to slightly

convex or invaginated; adanal setae of

medimn length, extending slightly be-

yond base of postanal seta; adanal setae

set at level posterior to anal orifice; post-

anal seta over twice as long as adanal seta

and more robust. Unarmed venter bearing
12 to 14 pairs of setaceous setae, 4 pairs

adjacent to genital and anal plates plus
apjiroximately 8 to 10 pairs near or on
posterior lateral body margins; metapodal
plates oval, only slightly longer than wide.
Peritreme extending to level of middle or

anterior of coxa II. Dorsal plate bearing

39 pairs of setaceous setae; most dorsal

setae relatively long and robust, length
slightly greater than distance between ad-

jacent setae; subterminal setae (J5) of

moderate length, reaching distinctly be-

yond posterior margin of dorsal plate;

terminal setae (Z5) about twice as long

as subterminal setae. Six to 8 pairs of
setae border dorsal opisthosoma on soft

integument. Proximal seta of coxa I seta-

ceous and of medium length; distal seta
of coxa I short, robust, and peglike; setae
[)d 1 and ad 1 of femur I unequal in
l(Migth, seta j)d 1 somewhat longer than
ad 1 ; anterior seta of coxae II and III and
seta of coxa IV setaceous, with coxa IV
seta rather small; posterior seta of coxae
II and III robust, blunt, and peglike; tarsi

II and III each with two rather robust,
blunt preapical setae, and tarsus IV with
one blmit preapical seta; most other leg
setae setaceous and normally developed.

Male: (Figs. 96-97) Gnathosomal and
hypostomal setae setaceous; medial hy-
postomal setae quite long, extending to or
slightly beyond base of gnathosomal setae.

Ventral setae, except adanal setae, rather
long and somewhat robust, each extending
in length well beyond base of seta im-
mediately posterior or adjacent; holoven-
tral plate rather broad between coxae II

and III, much narrowing between coxae
IV, and greatly expanded posterior to

Figs. 96-97. Laelaps benoiti Taufflieb, male. (96) venter; (97) dorsum, scale = lOO/x.
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coxae IV; expanded area between genital

setae and anal orifice bearing 5 pairs of

setae; adanal setae of medium length, ex-

tending well beyond base of postanal seta,

adanal setae set at level slightly posterior

to middle of anal orifice; postanal seta

twice as long as adanals and rather robust.

Metapodal plate inapparent, apparently
fused with lateral extensions of holoven-

tral plate; soft integument of opisthosoma
bearing 14 to 16 pairs of setae. Proximal
seta of coxa I setaceous and of moderate
length; distal seta of coxa I short, robust,

and spinelike; seta pd 1 of femur I slightly

longer than seta ad 1; anterior seta of

coxae I and III and seta of coxa IV seta-

ceous; posterior seta of coxa II robust and
spinelike, but posterior seta of coxa III

robust and peglike and somewhat shorter;

two setae of each tarsi II and II robust and
spinelike rather than blunt; most other leg

setae setaceous and normally developed.

Collection records
Hipposideros caffer

Ivory Coast; 1 coll. (1 female); AMP
Mus bella

Congo-Leopoldville (Kwiro, Kivu, Kibombo)

;

2 females; Taufflieb, 1964
Mus minutoides
Ghana; 1 coll. (1 female); AMP
Rhodesia; 1 coll. (4 females.

1 male); AMP
Mus musculoides
Ghana (Odomi, Jongo); 1+ coll.; AMP
Zumpt Collection

Ghana; 3 coll. (3 females); AMP
Ivory Coast; 3 coll. (4 females); AMP
Nigeria (Ilashe, Igbo-Ora); 3-]- coll.;

AMP Zumpt Collection

Mus setulosus

Ghana; 6 coll. (15 females,

2 males); AMP
Ivory Coast; 8 coll. (14 females,

1 male) ; AMP
Praomrs tullbergi

Ghana; t coll. (1 female); AMP
Togo; 1 coll. (1 female); AMP

Unknown host

Togo; 1 coll. (1 female); AMP

Remarks.— L. henoiti may be separated
from the other taxa of subgroup B by the
presence of a pair of prominent projec-

tions on the sternal ])late, with a moderate
invagination medially between the projec-

tions. In this character this mite resembles
T.. hrazzai but differs from it in several

other notable characters, i. e., all dorsal

setae distinctly longer, setae J4 extending
almost to level of .setae .15, setae .15 extend-
ing beyond posterior margin of dorsal

plate, and sternal ])lnto longer, approxi-

mately as long as wide.
This mite has been collected primarily

from Mus species in northwestern Africa
south of the Sahara; however, one col-

lection of four females and one male from
Rhodesia has been tentatively identified

as L. benoiti.

Subgroup C

As noted in the discussion of subgroup
B, there is no set of distinguishing charac-
ters which can be used to separate this

group of five taxa from those of subgroup
B; however, in the several numerical taxo-

nomic analyses four of these five taxa
clustered together.

Laelaps (Laelaps) hrandbergensis
Taufflieb

Figs. 98-104

Laelaps hrandbergensis Taufflieb. 1959. J. Ent.

Soc. S. Afr. 22(2) :400. (Holotype: Brandberg,
Southwest Africa; Soutli African Institute for

Medical Research, Johannesburg).

Description.— Female-. (Figs. 98-102)
Dorsal plate length 575 /i, width 410 ^.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae long,

reaching to or slightly beyond base of

gnathosomal setae. Posterior margin of

sternal plate slightly invaginated, invagi-

nation reaching no further than level of

3rd sternal setae; setae st. 1 long, reach-

ing almost to posterior margin of sternal

plate. Anterior flap of genital plate

slightly overlapping posterior margin of

sternal plate; distance between 1st genital

setae slightly greater than distance be-

tween 4th genital setae; distance between
2nd genital setae distinctly greater than
distance between 3rd genital setae;

greatest width of genital plate at level of

2nd pair of genital setae. Anal plate

roiuully triangidar, as wide as long, with

anterior margins slightly rounded; adanal

setae of moderate length, extending
slightly beyond base of postanal seta;

adanal setae set at level of posterior

end of anal orifice. Unarmed venter bear-

ing aproximately 12 pairs of setaceous

setae, 6 pairs adjaccMit to genital and anal

plates plus a])proximately () pairs near

or oti posterior lateral body margins; ven-

tral setae all relatively long and somewhat
robust; metapodal plates irregularly oval,

\vi(Ith ecpial to length. Peritreme extending
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Figs. 98-102. Laelaps brandbergemis Tauffliob. female. (98) venter; (99) dorsum, scale = lOO/i;
(100) ventral view of tarsus II; (101) ventral view of tarsus III; (102) ventral view of tarsus IV,
scale = 50/i.
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Figs. 103-104. Laelaps brandbergensis Taufflieb, male. (103) venter; (104) dorsum, scale = 100/z.

to middle of coxa II. Dorsal plate bearing
39 pairs of setaceous setae; most dorsal

setae relatively long, length usually great-

er than distance between adjacent setae;

subterminal setae (J5) quite short, reach-
ing no further than terminal setae (Z5).
Six to 8 pairs of setae bordering dorsal

opisthosoma on soft integument. Proximal
seta of coxa I setaceous and of moderate
length; distal seta of coxa I quite robust,

short, and peglike; seta pd 1 of femur I

rather long, almost twice the length of

seta ad 1 ; anterior seta of coxae II and III

and seta of coxa IV slender and setaceous;

posterior seta of coxae II and III rather
robust, blunt, and peglike; tarsi II and III

each with two rather short, robust, blunt,

prea})ical setae, tarsus IV with one mod-
erately long, blunt preapical seta; other
leg setae mostly setaceous and normally
developed.

Male: (Figs. 10^-104) (inathosomal and
hypostomal setae setaceous; medial hy-
postomal setae of moderate length, reach-
ing at least half distance to base of

gnathosomal setae. Ventral setae, except

adanal setae, rather long and slender, each
extending well beyond base of adjacent
posterior seta; holoventral plate rather

broad between coxae II and III, greatly i

narrowing between coxae IV, and rather

narrow posterior to coxae IV; holoventral

plate posterior to coxae IV with irregular

lateral margins; expanded area between
genital setae and anal orifice bearing
only 3 pairs of setaceous setae, other 2
pairs which are usually on the holoven-

tral plate set off on soft integument;
adanal setae rather short, not extending
to base of postanal seta; adanal setae set

at level of posterior third of anal orifice;

])ostanal seta 2 or 3 times as long as

adanal setae and (juite robust; unarmed
venter bearing approximately 14 to 15

pairs of setaceous setae adjacent to holo-

ventral plate, those more anterior and me-
dial in position shorter with the more
marginal setae rather long. Metapodal
plates somewhat oval in shape. Peritreme

extending to middle or anterior of coxa

II. Dorsal plate bearing 39 pairs of seta-

ceous setae; length and position of setae
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approximately as in female. Proximal
seta of coxa I rather lon^ and setaceous,

with distal seta of coxa I short, robust,

and spinelike; seta pd 1 of femur I ap-

proximately twice as long as seta ad 1

;

anterior seta of coxae II and III, i)osteri{)r

seta of coxa II, and seta of coxa IV seta-

ceous; posterior seta of coxa III shorter,

robust, and spinelike; 2 or 3 pairs of

mostly preapical setae of tarsi II and TIT

short, robust, and j)eglike, with some oth(M-

setae of tarsi II. III. and IV somewhat
spinelike; most otlier leg setae setaceous

and normally developed; however, some
may be shorter and somewhat spinelike.

Collection records
Prtrnmyscus collinus

Soutluvest Africa; 7 females (type
specimens); Taufflieb, 1959

South Africa (ORS); 16 coll.

(31 females); AMP
Aethomrs namaquensis

South Africa (ORS); 1 coll.

(1 female); AMP
Re.marks.— The most diagnostic char-

acter of L. brandbergensis is the unusually
long pd 1 seta of femur I: the pd 1 seta

is nearl}' two times as long as the ad 1

seta. All other phenetically similar taxa
bear a much shorter pd 1 seta on femur
I, only slightly longer than the ad 1 seta.

rhis mite is known only from southern
Africa primarily parasitic on Petroniyscus
collinus. A single collection is reported
from Aethomys namaquensis.

Laelaps (Laclaps) zumpti Keegan
Figs. 105-111

Laelaps zumpti Keegan. 1956, J. Egypt. Publ
Hlth. Assn. 31(6):263 (Holotype: Mjoro, Rift

Valley Province. Kenya; U.S. National Mu-
seum. Washington, D.C.); Tipton. 1960. Univ.
Calif. Publ. Ent. 16(6):285.

Description.— Female: (Figs 105-109)
Dorsal plate length 614 /-, \^'idth 401 jx.

Gnathosomal and hypostomal setae seta-

ceous; medial hypostomal setae long,

reaching to or almost to base of gnath-
osomal setae. Posterior margin of sternal

plate moderately invaginated, invagination
reaching to level of Srd sternal setae; setae

St. 1 relatively long, reaching beyond level

of 2nd pair of sternal pores but not to pos-

terior margin of sternal plate. Anterior
flap of genital plate only slightly over-
lapping posterior margin of sternal plate;

distance between 1st genital setae subequal
to distance between 4th genital setae, and

distance between 2nd genital setae sub-
equal to distance between 3rd genital
setae; greatest width of genital plate at

level between 2nd and 3rd pairs of genital

setae. Anal plate triangular in general
shape, anterior margin slightly convex to

slightly concave; adanal setae of moderate
length, extending to or almost to base of

postanal seta; adanal setae set at level of

posterior eiifl of anal orifice. Unarmed
venter bearing a])proximately 12 to 14
[lairs of setaceous setae, 4 pairs adjacent
to genital and anal plate plus approximate-
ly H to 10 pairs near or on posterior

lateral body margins; metapodal plate
almost circular, \^^dth almost equal to

length. Peritreme extending to level of

middle of coxa II. Dorsal plate bearing
39 pairs of setaceous setae; most dorsal
setae relatively long, length slightly

greater than distance between adjacent
setae; subterminal setae (J5) reaching
slighth' beyond posterior margin of dor-
sal plate. Approximately 9 pairs of setae

bordering dorsal opisthosoma on soft in-

tegimient. Proximal seta of coxa I seta-

ceous, distal seta short, blunt, and peglike,

and approximately half the length of

proximal seta; setae pd 1 and ad 1 of

femur I subequal in length, with ad 1

etae slightly longer; anterior seta of

coxae II and III and seta of coxa IV seta-

ceous; posterior seta of coxae II and III

robust, blunt, and peglike; tarsi II and III

each wdth two rather robust, blunt pre-

apical setae; tarsus IV may have one
blunt preapical setae or all setaceous; all

other leg setae setaceous and normally
developed.

Male: (Figs. 110-111) Gnathosomal and
hypostomal setae setaceous; medial hy-
I)ostomal setae long, reaching almost to

base of gnathosomal setae. Ventral setae,

except adanal setae and postanal seta, of

moderate length, each extending in length
well beyond base of seta immediately pos-

terior; holoventral plate filling area be-

tween coxae II and III, narrowing con-
siderably between coxae IV, and greatly

expanded i)osterior to coxae IV; expanded
area between genital setae and anal orifice

bearing 5 pairs of setaceous setae; adanal
setae relatively short, extending no further

than to base of postanal seta; postanal seta

somewhat more robust and about twice as

long as adanal setae. Metapodal plates in-

ay)f)arent or joining holoventral plate lat-
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iFigs. 105-109. Laelaps zumpli Keegan, female. (105) venter; (106) dorsum, scale = lOQ/i;
(107) ventral view of tarsus II; (108) ventral view of tarsus III; (109) ventral view of tarsus IV
scale =-= 50//.

'
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[Figs. 110-111. Laelaps zumpti Keegan, male. (110) venter; (111) dorsum, scale 100/1.

erally; unarmed venter bearing 6 to 8

pairs of setae adjacent to holoventral plate.

Peritreme extending to level of anterior

of coxa II. Dorsal plate bearing 39 pairs

of setaceous setae; length and position as in

female. Soft integument of opisthosoma
bearing about 8 to 12 pairs of setae. Both
proximal and distal setae of coxae I seta-

ceous, with proximal seta considerably
longer than distal seta; setae pd 1 and ad
1 of femur I subequal in length; anterior

seta of coxae II and III and seta of coxa
IV setaceous; posterior seta of coxa II seta-

ceous, posterior seta of coxa III spinelike;

tarsi II and III each with about two pairs

of spinelike preapical setae; all other leg

setae setaceous and normally developed.

Collection records
Aethomys chrysophilus

Rhodesia; 1 coll. (1 female); AMP
Lemniscomys striatus

Kenya (Rift Valley) ; 1 female;
Keegan. 1966

Mus bella

Congo (Leopoldville) ; 10 females.

1 male; Keegan, 1956

Mus minutoides
Rhodesia; 1 coll. (1 female); AMP

Mus triton

Kenya (Rift Valley) ; 1 female,

2 males, 2 ny. (type specimens)

;

Keegan, 1956

Remarks.— L. zumpti is quite similar

to L. hrazzai and L. brandbergensis in

overall characteristics; however, it may be
easily separated by the unusually short

adanal setae and by the shape of the ster-

nal plate which has a distinctly broader
and deeper invaginated posterior margin
and prominent extensions posterior and
lateral to the 3rd sternal setae. In L.

brandbergensis the posterior margin of the

sternal plate is only slightly invaginated
with no posterior lateral projections, and
in L. brazzai the posterior invagination
is only slight and is between two small,

more medial posterior projections.

This taxon is parasitic primarily on
Mus species in the southern half of Africa
from Congo and Kenya to Rhodesia.

Laelaps {Laelaps) brazzai Taufflieb

Figs. 112-118

Laelaps brazzai Taufflieb, 1962, Acarologia t. IV.

fasc. 4:499 501 (Holotype: Brazzaville, Congo;
{jers. coll. of R. Taufflieb).
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Description.— Female: (Figs. 112-

116). Dorsal plate length 408 //,, width
397 fx. Gnathosomal and hypostomal setae

setaceous; medial hypostomal setae long,

reaching beyond base of gnathosomal

setae. Posterior margin of sternal plate

irregular, slightly invaginated mediall}'

between two small posterior projections;

setae st. 1 of moderate length, reaching

halfway between 2nd and 3rd sternal

setae; sternal setae as well as 4 pairs of

genital setae rather robust. Anterior flap

of genital plate overlapping posterior mar-
gin of sternal plate slightly; distance be-

tween 1st genital setae slightly less than
distance between 4th genital setae, and
distance between 2nd genital setae less

than distance between 3rd genital setae;

greatest width of genital plate at level of

3rd pair of genital setae. Anal plate

roundly triangular, almost as wide as

long, with anterior margins irregularly

rounded; adanal setae of moderate length,

extending somewhat beyond base of post-

anal seta; adanal setae set at level of

posterior end of anal orifice; postanal seta

rather robust. Unarmed venter bearing
approximately 12 pairs of setaceous setae,

5 or 6 pairs adjacent to genital and anal

plates plus 4 to 6 pairs near or jon pos-

terior lateral body margins; metapodal
plates irregularly oval, slightly longer

than wide. Peritreme extending to level of

middle or anterior of coxa II. Dorsal plate

bearing 39 pairs of setaceous setae; most
dorsal setae of medium length, length

usually no greater than distance between
adjacent setae; subterminal setae (J5)

reaching no further than posterior margin
of dorsal plate. Eight to 10 pairs of setae

bordering dorsal opisthosoma on soft in-

tegument. Proximal seta of coxa I of mod-
erate length and spinelike, distal seta of

coxa I quite robust and peglike; seta pd 1

of femur I somewhat longer than seta ad

1; anterior seta of coxae II and III and
seta of coxa IV setaceous, coxa IV seta

rather small; posterior seta of coxae II

and III rather robust, blunt, and peglike;

tarsi II and III each with 3 blunt, ])re-

apical setae, and tarsus IV with 1 or 2
blunt |)reapical setae; most other leg setae

setaceous and normally developed; how-
ever, .some may be shorter and spinelike.

Male: (Figs. 117-118) (matho.somal
and hypostomal setae setaceous; medial
hypostomal setae of moderate length.

reaching almost to base of gnathosomal
setae. Ventral setae, except adanal setae,

rather long and slender, each extending
well beyond base of adjacent posterior

seta; holoventral plate rather broad be-

tween coxae II and III, greatly narrowing
between coxae IV, and greatly expanded
posterior to coxae IV; expanded area be-

tween genital setae and anal orifice bear-

ing 5 pairs of setaceous setae; adanal
setae of medium length, extending to or

slightly beyond base of postanal seta;

adanal setae set at level of posterior third

of anal orifice; postanal seta at least twdce

as long as adanals and somewhat more
robust. Metapodal plates inapparent, ap-

parently fused to lateral extensions of

holoventral plate; unarmed venter bear-

ing approximately 10 pairs of setaceous

setae adjacent to holoventral plate, 2 or

3 posteriorly located pairs rather long,

with other more anteriorly located pairs

about half this length. Peritreme extend-

ing to middle or anterior of coxa II.

Dorsal plate bearing 39 pairs of setaceous

setae; length and position of setae ap-

proximately as in female. Soft integument
of opisthosoma bearing approximately 8

to 10 pairs of setaceous setae. Both prox-

imal and distal setae of coxa I setaceous,

]iroximal seta somewhat longer than distal

seta; setae pd 1 and ad 1 of femur I

subequal in length, pd 1 slightly longer;

anterior seta of coxae II and III, posterior

seta of coxa II, and seta of coxa IV all seta-

ceous; posterior seta of coxa III shorter,

robust, and spinelike; no blunt, preapical

setae on tarsi II, III, or IV; however, some
preapical setae robust and spinelike; most
other leg setae setaceous and normally
developed; however, some often shorter

and spinelike.

C>olli:(;tion records
CnIom}s fxoslingi

Congo-Loopoldville (Lwiro, Biikavu. Kivu):

2 fonialos; Taufflieb, 1964

Dasymys inconiptus

Congo (Brazzaville); Taufflieh. 1962

T.rniniscomys striatus

Congo (Brazzaville); Taufflieb. 1%2
T.nplniromys apuilus rita

Angola (Dundo); 1 female;
Taufflieh. 1962

Lophurornys sikapusi

Congo-Leopoldville (Lwiro, Biikavu. Kivu);

2 females; Taufflieb, 1964

Mastornys natalensis

Congo-Leopoldville (Lwiro, Bukavu, Kiwi);

2 f(>males; Taufflieb. 1964
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116

Figs. 112-116. Laelaps brazzai Taufflieb, femalo. (112) venter; (113) dorsum, scale = 100/t;
(114) ventral view of tarsus II; (115) ventral view of tarsus III; (116) ventral view of tarsus iv'
scale = 50/i.

'
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Figs. 117-118. 'Laelaps brazzai TauHlieh, male. (117) venter; (118) dorsum, scale lOOyu'.

Mus Bella

Congo-Leopoldville (Lwiro, Bukavu, Kivu);
1 female; Taufflieb, 1964

Pelomys foxi

Congo-Leopoldville (Lwiro, Bukavu, Kivu)

;

1 female; Taufflieb, 1964
Praomys jacksoni

Angola (Dundo); 3 females; Taufflieb, 1962
Congo-Leopoldville (Lwiro, Bukavu, Kivu);

12 females; Taufflieb, 1964
Congo (Musoshi, Elizabethville,

Haut-Katanga); 1 female; Taufflieb, 1964
Praomys tullbergi

Congo (Brazzaville); Taufflieb, 1962
Rattus frugivorus
Congo (Brazzaville); Taufflieb, 1962

Rattus verreauxi
South Africa (Citrusdal, Cape Prov.);

28 females, I'l males, 3 ny.; Taufflieb,

1964

Remarks.— L. hrazzai may be distin-

guished from all other phenetically simi-

lar taxa by the following characters: pos-

terior margin of sternal plate sHghtly in-

vaginated medially between pair of

rather prominent posterior projections

posterior and mecHal to setae St. 3; genital

plate somewhat narrower, greatest width
at level of 3rd pair of setae rather than
at level of 2nd pair; and dorsal setae Z5

rather long but J5 quite short, not reach-

ing to posterior margin of dorsal plate.

L. hrazzai is recorded from a variety

of different hosts by Taufflieb (1962,

1964). No collections of this taxon have
yet been identified from the African
Mammal Project material.

Laelaps {Laelaps) myomys, n. sp.

Figs. 119-125

Holotype, female; type locality: Sedhiou, Cas-

manee Region, Senegal; in U.S. National Mu-
seum, Washington, D.C.

Description.— Female: (Figs. 119-

123) Dorsal plate length 531' /i, width
378 /I. Gnathosomal and hypostomal setae

setaceous; medial hypostomal setae long,

reaching to or almost to ba.se of gnath-

osomal setae. Posterior margin of sternal

plate slightly invaginated medially; setae

St. 1 relatively long reaching almost to

level of 3rd sternal setae; sternal setae

as well as 4 pairs of genital setae rather

long and slender, although somewhat ro-

bust basallv. Anterior flap of gcMiital plate

overla[)])iiig posterior margin of sternal
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Figs. 119-125. Laelaps myomys n. sp.. female. (119) venter: (120) dorsum, scale = IOOac (121)
ventral view of tarsus II; (122) ventral view of tarsus III; (123) ventral view of tarsus IV scale= 50/i.

'
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plate to level slightly anterior to 3rd

sternal setae; distance between 1st genital

setae subequal to or slightly less than dis-

tance between 4th genital setae; distance

between 2nd genital setae slightly less

than distance between 3rd genital setae;

greatest width of genital plate at level of

3rd genital setae. Anal plate roundly tri-

angular to heartshaped, as wide as long,

with rounded anterior lateral margins
and slightly concave posterior margin;
adanal setae of moderate length and slen-

der, extending slightly beyond base of

postanal seta; adanal setae set at level of

posterior end of anal orifice; postanal seta

rather long and robust. Unarmed venter
bearing approximately 6 to 8 pairs of

setaceous setae, some rather long with

others rather short; metapodal plates of

moderate size, irregularly elongate in

shape. Peritreme extending to level of an-

terior of coxa II. Dorsal plate bearing 39
pairs of setaceous setae; most dorsal setae

slender and rather elongate, length equal

to or slightly greater than distance be-

tween adjacent setae; subterminal setae

(J5) reaching almost to posterior margin
of dorsal plate. Eight to 10 j)airs of setae

bordering dorsal opisthosoma on soft in-

tegument. Proximal seta of coxa I of mod-
erate length and setaceous, yet somewhat
robust, distal seta of coxa I quite robust

and peglike; seta pd 1 of femur I distinct-

ly longer than seta ad 1; anterior seta

of coxae II and III of moderate length

and setaceous but somewhat robust ba-

sally; seta of coxa IV shorter and seta-

ceous; posterior seta of coxae II and III

rather large, robust, and peglike; tarsus II

with three robust, peglike preapical seta,

tarsus III with two robust, peglike pre-

apical setae with 2 or 3 pairs of peglike

setae more proximal in position, and tar-

sus IV with 1 blunt peglike preapical seta;

most other leg setae setaceous and normal-
ly developed.

Male: (Figs. 124-125) Gnathosomal
and hypostomal setae slender and seta-

ceous. Ventral setae, except adanal setae,

rather long and slender, each extending
well beyond base of adjacent posterior

seta; holoventral plate broad between

Figs. 124-125. Laelaps myomys n. sp., male. (124) venter; (125) dorsum, scale -- 100/i.
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coxae II and III, greatly narrowing be-

tween coxae IV, and greatly expanded pos-

terior to coxae IV; expanded area be-

tween genital setae and anal orifice bear-

ing 5 pairs of slender setaceous setae;

adanal setae of medium length, extending
slightly beyond base of j)ostanal seta;

adanal setae set at level of posterior third

of anal orifice; postanal seta considerably

longer than adanal setae. Metapodal plates

inapparent, apparently fused to lateral

extensions of holoventral plate; unarmed
venter bearing 6 to 8 pairs of setaceous

setae adjacent to holoventral plate. Peri-

treme extending to anterior of coxa II.

Dorsal })]ate bearing ^9 j)airs of slender

setaceous setae; anterior and lateral dorsal

setae distinctly longer than posterior cen-

tral setae. Soft integument of opisthosoma
bearing approximately 6 to 8 pairs of seta-

ceous setae. Roth proximal and distal setae

of coxa I setaceous, proximal seta con-

siderably longer and larger than small,

slender distal seta; seta pd 1 of f(>mur I

somewhat longer than seta ad 1 ; anterior

seta of coxae II and III and seta of coxa
IV setaceous, with coxa IV seta somewhat
smaller; posterior seta of coxa II long and
setaceous, but j)osterior seta of coxa III

shorter and more spinelike; no blunt, pre-

apical setae on tarsi II, III, or IV; how-
ever, some tarsal setae may be rather ro-

bust and spinelike; most other leg setae

setaceous and normally developed; how-
ever, some often shorter and spinelike.

Type material
Myomys daltoni

Senegal: Sedhiou. Casamanee Region; female
holotype. male allotype, and 8 female para-

types (RMD 2385); 2 female parat\-pes

(RMD 2386).

Additional collection records
Nycteris macrotis
Gambia fKudang) ; 1 female
(RMD 2519-27); AMP

Tatera Kempii
Upper Volta (Fo); 1 female
(REV 3755); AMP

Cricetomys gambianus
Upper Volta (Konankira); 1 female
(REV 3279); AMP

Mastomys natalensis

Upper Volta (5 km. N. Boussouma);
1 female (REV 1545-46); AMP

Myomys daltoni

Gambia (Kudang) ; 4 females
(RMD 2517): 1 female (RMD 2518);
1 female (RMD 2568) : 1 female
(RMD 2570); 1 female (RMD 2573);
I female (RMD 2585); AMP

Ghana ( Damongo. Northern Region); 1

female (TJM 1173); 1 female (TJM
1188); 1 female (TJM 1213); 1

female and 1 dnv. (TJM 1220); 1

female (WPM 56); 1 female (WPM
69); 1 female (WPM 103); AMP

Ivorv Coast (Tyenka); 4 females and 1

dnv. (LWR 876); 1 male. 1 female
add 1 (hiv. (LWR 878); (Bouna); 1

male and 1 female (LWR 1611);
(Fetekro); 1 female (LWR 1679);
2 females (LWR 1680-81); 3 females
(LWR 1682-84); 1 females (LWR 1691);
1 male and 3 females (LWR 1693);
AMP

Nigeria (Panyam Fish Farm, Northern
Region); 1 male and 3 females
(HWS 4508); 2 males and 1 female
(HJH 1588); (1 mi S Kabvvira,

Northern Region); 4 females (HWS
4588) ; 6 males and 7 females
(HWS 4610); AMP

Senegal (6 km E Kaolack. Sine-Saloum
Region); 1 female (RMD 1547);
(Koussanar. Oriental Region); 1 female
(RMD 1804); 2 females (RMD 1847);

AMP
Upper Voha (Dio); 1 male and 4 females
(REV 1710); 1 female (REV 1714);
1 female (REV 1843); (9 km NE
Barga); 1 female (REV 1917); (6 km SE
Sequenega); 5 females (REV 2330);
(Ougarou); 5 females (REV 3049);
3 females (REV 3050); 1 female
(REV 3057); 1 female (REV 3066);
1 female (REV 3067); (5 km SW
Koutoura); 5 females (REV 4147); 1

female (REV 4148); 3 females
(REV 4169); 2 females (REV 4170);
2 females (REV 4173); 4 females (REV
4190); 1 female (REV 4193);
(Sideradougou); 2 females (REV 4271);
(Djipologo): 1 female (REV 44-14); AMP

Remarks.-— L. myomys n. sp. differs

from most other closely related taxa by
the three blunt, peglike preapical setae on
tarsus II rather than two such setae; how-
ever, it is similar to L. hrazzoi in this one
character but differs in several others.

This taxon is considerably smaller than
other taxa of this subgroup, and it is

easily separated from L. hrazzai by the

shape of the sternal plate, i.e., posterior

margin only slightly in"\aginated without
[)rominent posterior projections.

L. myomys has been collected only from
northwest Africa south of the Sahara pri-

marily on Myomys daltoni. Only a very
few single collections are reported from
other host species.

Laelnps (Laelaps) malacumys n. sp.

Figs. 126-132

Holotype. female; type locality: Belekoum, Ivory
Coast; in U.S. National Museum, Washington,
D.C.
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Figs. 126-130. Laelaps malacomys n. sp., fcinalo. (126) venter; (127) dorsum, scale = lOO/t;

(128) ventral view of tarsus II; (129) ventral view of tarsus III; (130) ventral view of tarsus IV,

scale = 50yu.
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Description.— Female: (Figs. 12()-

130) Dorsal plate length 509 /i, width
339 jx. Gnathosonial setae rather long and
quite robust basally; medial hvpostonud
setae quite long, slender, and setaceous,

reaching distinctly beyond base of gnatli-

osomal setae; other hypostomal setae

smaller and setaceous. Posterior margin
of sternal plate slightly invaginated, in-

vagination extending no further than lev-

el of 5rd sternal setae; setae st. 1 of mod-
erate length, reaching halfway between
2nd and '5rd sternal setae; sternal setae

as well as 4 pairs of genital setae all of

moderate length and setaceous. Anterior
flap of genital plate slightly overlapping
[posterior margin of sternal plate; dis-

tance between 1st genital setae equal to

distance between 4th genital setae; dis-

tance between 2nd genital setae subequal
to distance between 3rd genital setae;

greatest width of genital plate at both
level of 2nd and 3rd genital setae. Anal
plate roundly triangular, approximately
as wide as long with anterior margin
straight to slightly rounded; adanal setae

very small, almost minute, yet somewhat
robust; adanal setae set at level of pos-

terior third of anal orifice; postanal seta

much larger, robust, and spinelike to al-

most jieglike. Unarmed venter bearing 10
to 12 pairs of mostly short, setaceous
setae, some almost spinelike; metapodal
plates irregularly oval, slightly longer
than wide. Peritreme extending anteriorly

to posterior of coxa I. Dorsal plate bearing
39 pairs of setaceous setae; most dorsal
setae of medium length; length usually
no greater than distance between adjacent
setae; subtorminal setae (J5) of moderate
length, extending to or slightly beyond
posterior margin of dorsal plate. Approxi-
mately 10 ])airs of setaceous setae border-
ing dorsal opisthosoma on soft integument.
Proximal seta of coxa I rather long, ro-

bust, and spinelike; distal seta of coxa I

(juite short, robust, and peglike; a number
of ventral setae of leg I short, robust, and
peglike or spinelike; seta pd 1 and ad 1

of femur I subequal in length and rather
robust; anterior seta of coxae II and III

of moderate length, somewhat robust and
spinelike; seta of coxa IV slender and seta-

ceous; j)osterior seta of coxae II and III

rather robust and peglike, with seta of

coxa II considerably larger than that of

131

Figs. 131-132. Laelaps malacomys n. sp., male. (131) venter; (132) dorsum, scale = 100/i.
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coxa III; tarsi II, III, and IV each with
2 or 3 moderately robust, blunt, peglike
setae; most other leg setae setaceous and
normally developed; howeAer, some ven-
tral leg setae often short, robust, and spine-

like or peglike as those on venter of leg I.

Male: (Figs. 131-132) Gnathosomal and
hypostomal setae setaceous; medial hy-
postomal setae long and slender reaching
almost to base of gnathosomal setae; gnath-
osomal setae rather short and setaceous.

Ventral setae, except adanal setae, rather
long and slender, each extending well be-

yond base of adjacent posterior seta; holo-

ventral plate rather broad between coxae
II and III, greatly narrowing between
coxae IV, and greatly expanded posterior

to coxae IV; expanded area between geni-

tal setae and anal orifice bearing 5 pairs

of slender, setaceous setae; adanal setae

relatively short, extending to or slightly

beyond base of postanal seta; adanal setae

set at level of posterior third of anal ori-

fice; postanal seta at least twice as long as

adanals and slender. Metapodal plate in-

apparent, apparently fused to lateral ex-

tensions of holoventral plate; unarmed
venter bearing approximately 8 pairs of

setaceous setae adjacent to holoventral
plate. Peritreme extending to level of an-
terior of coxa II. Dorsal plate bearing 39
pairs of setaceous setae; dorsal setae all

of moderate length, each extending to or
slightly beyond base of adjacent posterior
seta; subterminal setae (J5) of medium
length, extending well beyond posterior
margin of dorsal plate. Both proximal and
distal setae of coxa I setaceous, proximal
seta somewhat longer than distal seta;

seta pd 1 of femur I slightly longer than
seta ad 1 ; anterior seta of coxae II and III

and seta of coxa IV of medium length and
setaceous; posterior seta of coxa II of
medium length and setaceous, but en-
larged basally; posterior seta of coxa IV
short, relatively robust, and spinelike; pre-
apical setae of tarsi II and III may be
somewhat enlarged and spinelike; most
other leg setae setaceous and normally
developed; however, some may be shorter
and somewhat s|)inelik('.

Type material
Malaconiys edwardsi

Ivory Coast (Belekoum); fonialo liolotvpo
(LWR 'S7^) male allotype, and 9 female
paratyi)es (I.WR "xSS); 1 female paratvj)e
(LWR 584); AMP

Additional collection records
Hipposideros commersoni

Ivory Coast (Yabrasso) : 1 female
(I.WR 1528): AMP

Aethomys chrysophilus
Rhodesia (20 mi N Salisbury, Mashona-

land); 1 female (SWG 1747); AMP
Lemniscomys slriatus

Ivory Coast (Fetekro); 1 female
(LWR 1739); AMP

Mas setulosus

Ivorv Coast (Kahin); 1 female
(LWR 763); AMP

Malaconiys edwardsi
Ghana (Adamso. Ashant Region);

2 females (TJM 1136); AMP
Ivory Coast (10 mi WNW Soubre)

;

,3 females (LWR 1443); 2 females
(LWR 1449); 4 females (LWR 1451);
1 female (LWR 1475); 23 females and
2 males (LWR 1477); (Niebe); 17 females
(JWL 3061); AMP

Malacorny^s longipes

Ghana (Adamso, Ashant Region)

;

1 female (WPM 12); AMP
Ivory Coast (10 mi WNW Soubre); 4

females (LWR 1450); 1 female
(LWR 1452); 19 females (LWR 1460);
13 females (LWR 1462); 2 females
(LWR 1476); 4 females (LWR 1478);
5 females (LWR 1479); (Niebe);
10 females (JWL 3049); 4 females
(JWL 3060); 7 females (JWL 3070);
AMP

Remarks.— L. nialaconiys is tentatively

placed in subgroup C of major group II;

however, it differs in several major char-

acters: gnathosomal setae robust and
longer than medial hypostomal setae; prox-

imal seta of coxa I robust and long; some
ventral leg setae short, blunt, and peglike,

especially on leg I; dorsal setae more ro-

bust than normal; and peritreme longer,

extending anteriorly to posterior of coxa

I. In the numerical taxonomic analysis

L. malacornys clustered with subgroup
B of major group III because of the simi-

lar robust body S(4ae; howe\ er, it is most
similar to taxa of major group II in other

prominent characters, such as the form
of the setae of coxa I (blunt, peglike dis-

tal seta and elongate, setaceous proximal
seta )

.

This mite j^arasitized Malaconiys spe-

cies, with but few exce])tions, in north-

west Africa south of the Sahara. Single

collections have been made from several

other host species.

Major (h'oup III

The six taxa of this major group are

characterized by the presence of two
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blunt, peglike setae (both proximnlly nnd
(Ustally) on coxa I. Even though these

species share this one character in com-
mon, they form a rather chverse grou}),

differing from each other in many mor-
phological characters.

Subgroup A

The two taxa of this subgroup (L. von-
somereni and L. acomys) differ from
subgroup B in having simple, setaceous

gnathosomal setae rather than robust,

si)inelike or peglike gnathosomal setae.

L. vnnsotnercni and L. acomys differ

from each other in several significant

( haracters: the shape of the sternal plate

differs greatly, as well as the shape of the

anal plate.

Laelaps (Laelaps) vansonicreni Hirst

Figs. 133-139

Laelaps vansomereni Hirst. 1923, Ann. Nat. Hist.

12(67) :690. (Holotype: Busui. S. Bugishu.
Uganda; Britisli Museum [Natural History],
London); Hirst. 1925, Proc. Zool. Soc. Lond.
4:55; Zumpt, 1950, S. Afr. J. Med. Sci. 15:

78; Radford. 1950. Parasitology 40(304) :369;

Keegan. 1956, J. Egypt. Publ. Hlth. Assoc.

31(6):256; Tipton. 1960. Univ. Calif. Publ.

Ent. 16(6):284-285.

Description.— Female: (Figs. 133-

137) Dorsal plate length 656 /', width
466 /'.. Gnathosomal and hypostomal setae

setaceous; medial hypostomal setae of

moderate length, reaching only about
half distance to gnathosomal setae. Pos-

terior margin of sternal plate slightly in-

vaginated, invagination reaching no fur-

ther than level of 3rd sternal setae; setae

St. 1 of moderate length, reaching about
halfway between setae st. 2 and st. 3. An-
terior flap of genital plate overlapping
posterior margin of sternal plate only
slightly if at all; distance between 1st gen-

ital setae distinctly less than distance be-

tween 4th genital setae, and distance be-

tween 2nd genital setae slightly less than
distance between 3rd genital setae; great-

est width of genital i)late at level of 3rfl

pair of genital setae. Anal })late somewhat
broadly oval in general shape, width great

er than length, with margins broadly
rounded; adanal setae rather robust and
spinelike, length extending well beyond
base of postanal seta; anal orifice located

near anterior margin of anal plate, with
adanal setae set about halfwav between

anal orifice and postanal seta; postanal

seta distinctly longer than adanal seta and
r(>lati\ely robust. Unarmed venter bear-

ing ajjproximately 18 pairs of mostly se-

taceous setae, 6 pairs adjacent to genital

and anal plates plus approximately 10 to

12 pairs near or on posteriolateral body
margins; metapodal plates generally oval

in shape. Pcritreme extending to level of

middle or anterior of coxa II. Dorsal

plate bearing 39 pairs of setaceous setae;

most dorsal setae relatively long, length

equal to or slightly greater than dis-

taiue between adjacent setae; subtermi-

iial setae (J5) reaching to or slightly be-

yond posterior margin of dorsal plate.

About 12 pairs of setae bordering dorsal

opisthosoma on soft integument. Both

proximal and distal setae of coxa I en-

larged, robust, and peglike, with j)roximal

seta considerably more robust than distal

seta; setae pd 1 and ad 1 of femur I

usually stibequal in length; anterior seta

of coxae II and III and seta of coxa IV
setaceous, 3'et somewhat robust basally;

posterior seta of coxae II and III greatly

enlarged, robust, and peglike; tarsi II,

III, and IV each with 3 or 4 blunt, robust,

preapical setae; most other leg setae se-

taceous and normally developed, some
often rather spinelike.

Male: (Figs. 138-139) Gnathosomal
and hypostomal setae setaceous; medial

hypostomal setae of moderate length,

reaching almost to base of gnathosomal
setae. Ventral setae, except adanal and
postanal setae, rather long and slender,

each extending well beyond base of adja-

cent posterior seta; holoventral plate

rather broad between coxae II and III,

f]uite narrow between coxae IV, and
moderately expanded posterior to coxae

IV; expanded area between genital setae

and anal orifice bearing 5 pairs of se-

taceous setae; adanal setae of medium
length, extending almost to base of post-

anal seta; adanal setae set at level near

middle of anal orifice; postanal seta

rather slender and setaceous, and only

slighth- longer than adanal setae; un-

armed venter bearing approximately 12

to 15 })airs of setaceous setae adjacent to

holoventral plate, all rather slender with

more posterior and marginal setae longer.

Metapodal plates rather elongate. Peri-

treme extending to middle of coxa I.

Dorsal plate bearing 39 pairs of setaceous



188 GREAT BASIN NATURALIST Vol. 36, No. 2

135

Figs nS-137. Laelaps vansomereni Hirst, female. (133) venter; (134) dorsum, scale = 100^1;

(135) ventral view of tarsus II; (136) ventral view of tarsus III; (137) ventral view of tarsus IV,

scale = 50/1.
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138 -^'—

/

Figs. 138-139. Laelaps vansomereni Hirst, male. (138) venter; (139) dorsum, scale = lOOyu.

setae; length and postion of setae approx-
imately as in female. Soft integument of

opisthosoma bearing approximately 6 to

8 pairs of setaceous setae. Both proximal
and distal setae of coxa I setaceous,

proximal seta considerably longer and
much more robust than slender, shorter

distal seta; setae pd 1 and ad 1 of femur
I rather short and robust, with ad 1 seta

somewhat longer than pd 1 seta; anterior

seta of coxae II and III of medium length,

rather robust, and spinelike; posterior seta

of coxa II of medium length and somewhat
setaceous, slightly robust; posterior seta

of coxae III short, robust, and spinelike;

and seta of coxae IV shorter and much
more setaceous; 3 preapical setae of tarsus

II short, robust, and peglike; some other
seta of tarsi II and III shorter, somewhat
robust, and spinelike; most other leg

setae setaceous and normally developed;
however, some may be shorter and rather
spinelike.

Collection records
Elephantulus intufi

South Africa; 2 coll.

(8 females) ; AMP
Suncus etruscus

iSouthern Africa; Zumpt, 1961

(6 females); AMP

(2 females) ; AMP

Suncus varilla

Southern Africa; Zumpt, 1950
Rkinolophus elivosus

South Africa; 1 coll.

Cryptomys hotlentotus

South Africa; 1 coll.

Gerbillus paeba
Botswana; 1 coll. (1 female); AMP

Tatera leucogaster

South Africa; 2 coll. (11 females,

1 male, 2 ny.); AMP
Tatera afra

Southern Africa; Zumpt, 1961

Aethomys chrysophilus
Rhodesia (Bulawayo); Zumpt, 1950
Rhodesia; 22 coll. (127 females.

1 ny.); AMP
South Africa (Pretoria, Transvaal); Zumpt,

1950
South Africa (Mfongos, Zululand);

Hirst, 1925
South Africa (Vaalwater, Nvlstroom

Transvaal); Taufflieb, 1964
South Africa (Naboomspruit, Transvaal);

Taufflieb. 1964
South Africa (ORS); 1 coll.

(18 females); AMP
South Africa; 50 coll. (308 females,

4 males) ; AMP
Aethomys namaquensis

Southern Africa; Zumpt, 1950

Aethomys selindensis

Rhodesia; 4 coll. (38 females); AMP
Dasymys helukus
Uganda (Kampala); Tipton, 1960
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Lemniscomys griselda

South Africa; 1 coll. (3 females); AMP
Mastomys coucha

Southern Africa; Zumpt, 1950
Sudan (Torit, Equatoria); 1 female;
Keegan, 1956

Mastomys natalensis

Rhodesia; 1 coll. (1 female); AMP
South Africa; 17 coll. (40 females,
2 males, 11 ny.); AMP

Southern Africa; Zumpt, 1961
Rhabdomys pumilio

South Africa; 5 coll. (5 females); AMP
Saccostomus campestris

Southern Africa; Zumpt, 1950
South Africa (ORS); 1 coll.

(1 female); AMP
South Africa; 1 coll. (1 female); AMP

"Rodent"
Uganda (Busiu, So. Bugishu); Hirst. 1923
Uganda (Bumungi, Bugwe); Hirst, 1925

"Rats"
Kenya (Okwara's Camp); Hirst, 1925

Unknown host

Rhodesia; 1 coll. (1 female); AMP
South Africa; 14 coll. (25 females.

1 male, 2 ny.); AMP

Remarks.— L. vansomereni may be
separated from all other taxa of major
group III by the following characters:

gnathosomal and hypostomal setae se-

taceous; genital plate quite broad through-
out with 1st genital setae considerably
closer together than 4th pair; anal plate

wider than long; and adanal setae robust
and spinelike.

This taxon has been recorded from a

variety of different hosts in southern
Africa, with more collections from Aetho-
mys species and Mastomys species than
from all others.

Laelaps (Laelaps) acomys n. sp.

Figs. 140-145

Holotype, female; type locality: Dunblaine. Mani-
caland, Rhodesia; in U.S. National Museum,
Washington, D.C.

Description.— Female: (Figs. 140-

143) Dorsal plate length 574 /x, width
421 /x. Gnathosomal and hypostomal setae

setaceous; medial hypostomal setae me-
dium length, extending slightly half dis-

tance tf) gnathosomal sotae; gnathosomal
setae of medium length and rather ro-

bust. Posterior margin of sternal plate
considerably invaginated, distinctly be-

yond level of ^rd sternal .setae; anterior
margin of sternal plate arched consider-
ably; setae st. 1 extending to invaginated
posterior margin of sternal plate; sternal

setae as well as 4 pairs of genital setae

relatively long and somewhat robust. An-
terior flap of genital plate not reaching
to posterior margin of sternal plate; dis-

tance between 1st genital setae distinctly

less than distance between 4th genital

setae; distance between 2nd genital setae

distinctly less than distance between 3rd
genital setae; greatest width of genital

plate at level slightly anterior to 3rd pair

of genital setae. Anal plate elongate, dis-

tinctly longer than wide; adanal setae of

moderate length but very robust and
spinelike; postanal seta somewhat longer
and equally robust and spinelike; adanal
setae set at level somewhat posterior to

anal orifice. Unarmed venter bearing 6

pairs of setaceous setae, anteriormost 5

pairs of moderate length, and single pos-

terior pair quite long and slender; meta-
podal plates small, oblong-oval. Peri-

treme extending to level of middle or an-

terior of coxa II. Dorsal plate bearing 39
pairs of setaceous, rather robust setae;

most dorsal setae of medium length,

length slightly less than distance be-

tween adjacent setae; subterminal setae

(J5) quite small, not reaching to pos-

terior margin of dorsal plate. Nine
pairs of medium length setaceous setae

border dorsal opisthosoma on soft integ-

ument. Proximal and distal setae of coxa

I rather large, robust, and peglike; one
seta on venter of femur I rather robust

and spinelike; seta pd 1 of femur I some-
what longer than seta ad 1 ; anterior seta

of coxae II and III and seta of coxa IV
setaceous; posterior .seta of coxae II and
III rather large, robust, and peglike;

coxae II and III each with one slightly

robust, spinelike seta; most other leg setae

setaceous and normally develo})ed; how-
ever, some, particularly fenun- of each

leg. often shorter and somewhat spinelike.

Male: (Figs. 144-145) Gnathosomal
and hypostomal setae setaceous; medial
h3^postomal setae of moderate length,

reaching slightly more than half distance

to base of gnatho.somal setae; gnathosomal
setae short, setaceous. Ventral setae, ex-

cept adanal and postanal s(^tae. rather

long and somewhat robust, each extending

well beyond base of adjacent posterior

seta; holoventral |)late broad between
coxa(» II and III, narrowing considerably

between coxae IV. and considerably ex-

panded posterior to coxae IV; expanded
area between genital setae and anal orifice
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143

Figs. 140-143. Laelaps acomys n. sp., female. (140) venter; (141) dorsum,
ventral view of tarsus II; (143) ventral view of tarsus III, scale = 50^.

scale = lOO/i; (142)

bearing 4 pairs of setaceous setae; adanal
setae of niedium length and quite robust

and spinelike; postanal seta some^vhat
longer but equally as robust and spinelike;

adanal setae set at level somewhat pos-

terior to anal orifice. Metapodal plates

small and oval. Unarmed venter bearing
5 or 6 pairs of setaceous setae adjacent to

holoventral plate, 2 pairs considerably
longer than others. Peritreme extending to

anterior of coxa II and rather broad
throughout. Dorsal plate with 31 pairs of

setaceous setae; length and position of

setae approximately as in female. Soft

integument of opisthosoma bearing ap-

proximately 6 jiairs of setaceous setae.

Proximal and distal setae of coxa I rather

robust and peglike; seta pd 1 of femur I

slightly longer than seta ad 1 ; anterior

seta of coxae II and III and seta of coxa

IV slender and setaceous; posterior seta

of coxae II and III rather robust and peg-

like; one preapical seta of tarsi II and III

somewhat robust and spinelike; most other

leg setae setaceous and normally devel-

oped; however, some, particularly on fe-

mora, often short and spinelike.

Type material
Acomys spinosissineus

Rhodesia (Dunblaine. Manicaland) ; female
holotvpe. male allotype. 8 female paratopes
(SWG 2120-22); 8 female paratypes (SWG
2129); AMP
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144

Figs. 144-145. Laelaps acomys n. sp., male. (144) venter; (145) dorsum, scale = 100/u.

Additional collection records
Acomys spinosissineus

Rhodesia (3 mi NE Mt. Selinda, Farfell
Farm. Manicaland) ; 2 females (HWS
5406-58); 1 female HWS 55486-87);
1 female (HWS 5470); (Chirinda Forest,
Manicaland) 3 females (HWS 5293);
2 females (SWG 1560); (Nyamkarara
River. Manicaland) 7 females (SWG
1899-1900); 5 females (SWG 1901-03);
3 females (SWG 1946-49); 7 females
(SWG 1968-72); (Ngorima Reserve
[East]; Manicaland) 11 females (SWG
2147-49); 9 females (SWG 2158-61);
7 females (SWG 2174-76); 5 females
rSWG 2176-78); AMP

Unknown liost

Rhodesia; 1 female (SWG 2181); AMP
Remarks.— L. acomys differs from all

other Laelaps species in several unique
( haracters: anterior margin of sternal plate
strongly arched; posterior margin of ster-

nal plate deeply invaginated; anal plate

distinctly longer than wide; and adanal
setae atul f)ostanal setae robust and spine-

like or j)eglike.

This species is known only from Acomys
spinosissineus in Rhodesia. It no doubt oc-

curs on this host throughout southern
Africa.

Subgroup B

The four species of this subgroup (L.

paraspinosus. L. hocquieri, L. spinifer, and
L. hreviperitremus) all bear robust, spine-

like or peglike gnathosomal setae, but

share few other characters in common.
This is a rather diverse group in many
niori)hological characters; however, most
clustered together in the numerical taxo-

nomic analvsis.

Laelaps {Laelaps) spinijer Taufflieb

and Mouchet
Figs. 146-149

r.arlaps spinijer Taufflieb and Mouchet. 1956.

Aim. Parasit. 31(3):302 (Holotype: Yaounde.
French Cameroon; Institut Pasteur, Paris);

Tipton. 1960. Univ. Calif. Publ. Ent. 16(6):

282.

Description.— Female: (Figs. 14(i-

149) Dorsal plate length 438 /i, width
285 /I. (juathosomal setae short, robust,

and jieglike; medial hypostomal .setae long,

extending at least to base of gnathosomal
setae; other two pairs of hypostomal setae

short, setaceous. Posterior marijiu of ster-
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extending to level of middle or anterior

of coxa II. Dorsal plate bearing 39 pairs

of setae, more anterior and lateral setae

somewhat robust, setae il and r4 rather

small and spinelike, and subterminal setae

(J5) very small and setaceous; terminal
setae (Z5) longer than any other dorsal

setae. Eight to 10 pairs of setae border dor-

sal opisthosoma on soft integument, an-

terior-most setae short and spinelike, with
posteriormost setae longer and more seta-

ceous. Both proximal and distal setae of

coxa I very robust, blunt, and peglike;

seta pd 1 of femur I somewhat longer
than ad 1; anterior seta of coxae II and
III somewhat enlarged and spinelike; pos-

terior seta of coxae II and III quite ro-

bust, blunt, and peglike; seta of coxa IV
small and setaceous; tarsus II with two
blunt preapical setae, tarsus III wdth one
blunt preapical seta, and tarsus IV with
several somewhat spinelike preapical setae;

most other leg setae setaceous and normal-
ly developed.

Collection records
Arvicanthis rufinus
French Cameroon (Yaounde); 6 females;

Taufflieb and Mouchet, 1956

Lophuromys aquilus
Congo-Leopoldville (Lwiro. Kivu); 2

females; Taufflieb, 1964

Lophuromys sikapusi

French Cameroon (Yaounde); Zumpt, 1961

Remarks.— L. spinifer possesses a num-
ber of short, spinelike setae ventrally and
laterally posterior to coxae IV. It may
be distinguished from other taxa by the

robust, spinelike gnathosomal setae; pos-

terior margin of the sternal plate irreg-

ularly straight; anal plate unusually wide,
broadly triangular in general shape;
rather long Z5 setae but with tiny J5 setae;

and rather short posterior central dorsal

setae.

L. spinifer has been collected from two
Lophuromys species and Arvicanthis
rufinus in French Cameroon and Congo-
Leopoldville.

Laelaps (Laelaps) paraspinosus Tipton

Figs. 150-156

Laelaps paruulus Hirst (not Berlese, 1904 or Ber-
lese, 1910), 1923, Ann. Nat. Hist., 12(67):
691 (Holotype: South Africa; British Museum
[Natural History], London).

Laelaps paraspinosus Tipton, 1960, Univ. Calif.

Publ. Ent. 16(6): 278-280.

Description.— Female-. (Figs. 150-

154). Dorsal plate length 543 /i, width
530 p.. Gnathosomal setae stout, robust,

and spinelike to peglike; hypostomal setae

setaceous, with medial hypostomal setae

long, reaching to beyond base of gnatho-
somal setae. Posterior margin of sternal

plate somewhat invaginated, invagination
reaching no further than level of 3rd
sternal setae; setae st. 1 rather long,

reaching almost to posterior margin of

sternal plate. Anterior flap of genital

plate overlai)ping posterior margin of

sternal plate only slightly if at all; dis-

tance between 1st genital setae distinctly

greater than distance between 4th genital

setae, and distance between 2nd genital

setae distinctly greater than distance be-

tween 3rd genital setae; greatest wddth
of genital plate at or slightly posterior to

level of 2nd pair of genital setae. Anal
plate roundly triangular, as wide as long,

with anterior margins rounded; adanal
setae robust and spinelike and of mod-
erate length, extending almost to base of

postanal seta; adanal setae set at level near
posterior end of anal orifice; postanal seta

somewhat longer than adanal setae and
rather robust. Unarmed venter bearing
approximately 50 pairs of mostly seta-

reous setae, some more anterior setae

rather short and stout wdth more pos-

terior setae much longer. Metapodal plates

oval. Peritreme extending to level of mid-
dle of coxa II. Dorsal plate bearing 38

^

pairs of setaceous setae, setae px3 absent;

most dorsal setae of medium length, length

slightly less than distance between ad-

jacent setae; central dorsal setae shorter

than lateral and posterior marginal setae;

subterminal setae (J5) reaching to or

slightly beyond posterior margin of dor-

sal plate, with terminal setae (Z5) quite

long. Approximately 18 pairs of setae

bordering dorsal opisthosoma on soft in-

tegument. Both proximal and distal setae

of coxa T greatly enlarged, robust, and
peglike or spinelike; ventral setae of tro-

chanter I enlarged and spinelike with

proximal posteriolateral seta nnich more
robust than others; setae pd 1 and ad 1

of femur I subequal in length, with pd 1

seta somewhat longer; anterior seta of

coxae IT and III and seta of ( oxa IV rela-

tively short, stout, and sjiiiielike to peg-

like; po.sterior seta of coxae II and III

greatly enlarged, robust, and peglike; ven-
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153

Fiss 150-154 Laelaps paraspinosus Tipton, female. (150) venter; (151) dorsum, scale = 100/t;

(152) ventral view of tarsus II; (153) ventral view of tarsus III; (154) ventral view of tarsus IV,

scale = 50/i.
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Figs. 155-156. Laelaps paraspinosus Tipton, male. (155) venter; (156) dorsum, scale = lOOiU.

tral anterolateral margin of coxa IV with
serrated, acute, spurlike process; tarsi II,

III, and IV each with 4 to 6 rather robust,

blunt to pointed preapical setae; most
other leg setae setaceous and normally
developed; however, some often rather ro-

bust and spineHke.

Male: (Figs. 155-156) Gnathosomal
setae short, robust, and spinelike; hypo-
stomal setae setaceous with medial hy-
postomal setae longer than others, yet
reaching about half distance to gnathoso-
mal setae. Ventral setae, except adanal and
postanal setae, rather long, each extending
in length well beyond base of seta im-
mediately j)osterior; holoventral j)lato

rather narrow between coxae IV and
throughout entire length, although some-
what ex})anded ])Osterior to coxae IV; ex-

panded area between genital setae and
anal orifice bearing 4 pairs of setaceous
setae; adanal setae relatively short, ro-

bust, and spinelike, length less than dis-

tance to postanal seta; postanal seta robust
and spinelike, and somewhat longer than
adanal setae. Unarmed venter bearing 35
to 40 setaceous setae adjacent to holoven-
tral plate, with an additional 15 to 20 setae

on posteriolateral margin, setae closest to

bolf)v<'Mfral plate and coxae IV shorter
with most posterior and lateral setae (piite

long. Metapodal i)lat('s rather ('longate.

Peritreme extending to level of middle of

coxa II. Dorsal plate bearing 37 pairs of

setaceous setae, setae px2 and px3 absent;

length and position of setae as in female.

Soft integument of opisthosoma bearing
15 to 20 pairs of setaceous setae. Both
proximal and distal setae of coxa I en-

larged, robust, and peglike or spinelike,

subequal in length; proximal posteriolat-

eral setae of trochanter I enlarged, robust,

and peglike; setae pd 1 and ad 1 of femur
I subequal in length and somewhat en-

larged; anterior seta of coxae II and III

and seta of coxa IV rather short, robust,

and jieglike; posterior seta of coxae II

and Til quite enlarged, robust, and peglike;

ventral anterolateral margin of coxa IV
serrated with slender spur; tarsi II, III.

and IV each with 4 to 6 blunt, peglike to

spinelike preapical setae; most other leg

setae setaceous; however, some may be

spinelike.

('OIJ.I'.CTION RECORDS
Myosntcx variiis

Soutli Africa (Caxtoii. Transvaal);
Tipton. 1060

Aethoniys namnqucnsis
Soutii Africa (ORS); 1 coll. d female);

AMP
A ri 'icdntliis dnrsalia

South Africa; Hirst. 1923

f.rnifiiarnnn s' prisridd

Soutli .'\fii(a; /unipt. 1'161
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Rhabdomys pumilio
South Africa; Zunipt. 1961

Otomys sp.

South Africa (Pilgiinis Rest. Transvaal);
Tipton. 1960

Otoniys illoratus

South Africa (Grahanistown) ; Hirst. 1925

South Africa (Van Richeeck Nat. Res.,

Pretoria); 1 -f coll; AMP Zumpt
Collection

South Africa; 1 ( oil. ( 7 females.

2ny.); AMP

Remarks.— L. paraspinosus bears sev-

eral rather unique characters which distin

guisli it from all other Laelaps species: a

ij;reat many setae ventrally posterior to

co.xae IV. lateral to (genital and atial plates,

and posterolateral to dorsal plate; all co.xal

setae and some ventral leg setae short,

robust, and spinelike or peglike; dorsal

setae px3 absent with some dorsal setae

positioned differently from other Loelaps
species.

This taxon is known only from South
Africa and has been collected from several

different hosts, |)rimarily 0/ornys species.

Laelaps (Laelaps) hocquieri Taufflieb

Figs. 157-163

Laelaps bocquieri Taufflieb. 1962, Acarolngia t.

IV. Fasc. 4:497-499 (Holotype: Brazzaville.

Congo; Pers. coll. of R. Taufflieb, Dakar.
Senegal).

Description.— Female: (Figs. 157-

KSl) Dorsal plate length 574 //, width
^f)5 /I. Gnathosomal setae very robust
and peglike; lateral hypostomal setae ro-

bust and peglike; medial hypostomal and
distal hypostomal setae slender, short,

and setaceous. Posterior margin of sternal

plate slightly invaginated, invagination
reaching no further than level of 3rd
sternal setae; setae st. 1 of moderate
length, reaching slightly more than half-

way between setae st. 2 and st. 3. Anterior
flap of genital })late overlapping posterior

margin of sternal plate to level of 2nd pair
of sternal pores; distance between 1st

genital setae and 4th genital setae sub-
equal; distance between 2nd genital setae

distinctly greater than distance between
3rd genital setae; greatest width of genital

plate at level of 2nd genital setae. Anal
plate somewhat oval in general shape,
longer than wide, with anterior and lat-

eral margins rounded; adanal setae slen-

der and of moderate length but not ex-
tending to base of postanal seta; adanal
setae set at level slightly posterior to mid-

dle of anal orifice. Unarmed a enter bear-

ing 5 pairs of setaceous setae adjacent

to genital and anal jilates, no setae on
posterior and lateral margins of body;

metapodal plate small, oval. Peritreme ex-

t(>nding to level of middle or anterior of

coxa I. Dorsal plate bearing 30 to 32 pairs

of mostly setaceous setae; all dorsal setae

except setae rl, r2, si, and Z5, extremely

minute; setae r2 short and spinelike, setae

rl rather robust, and setae si and Z5
short and setaceous; position of setae,

particular setae absent, not determined be-

( ause of extremely small size of setae pres-

ent. Only one pair of setae apparently

bordering dorsal opisthosoma on soft in-

tegument. Both ])roximal and distal setae

of coxa I extremely robust and peglike;

seta ad 1 of femur I rather short and

spikelike, seta pd 1 of femur I about twice

as long and more setaceous; anterior seta

of coxae II and III quite robust and spine-

like; posterior seta of coxa II more seta-

ceous; posterior seta of coxa III quite ro-

bust and peglike; seta of coxa IV slender

and setaceous; all preapical setae of tarsus

II setaceous, most with slightly enlarged

bases; tarsi III and IV each with one or

two blunt preapical setae and several

other pairs on tarsi blunt or spinelike;

many other leg setae short and spinelike

to setaceous.

Male: (Figs. 162-163) Gnathosomal
setae short, extremely robust, and peglike;

lateral hypostomal setae somewhat ro-

bust, recurved, and peglike; medial and
distal hypostomal setae slender, setaceous,

and of medium length. Ventral setae, ex-

( opt adanal and postanal setae, of mod-
erate length, extending in length slightly

beyond base of setae immediately pos-

terior; holoventral plate rather broad be-

tween coxae II and III, somewhat narrow-
ing between coxae IV, and slightly ex-

panded ])osterior to coxae IV; expanded
area between genital setae and anal orifice

bearing only 4 pairs of setaceous setae;

adanal setae slender and of moderate
IfMigth, extending distinctly beyond base oi

postanal seta; adanal setae .set near level

of middle of anal orifice; postanal seta

considerably more robust and longer than

adanal setae. Metapodal plates rather

small, elongate-oval; unarmed venter

bearing 4 pairs of setaceous setae. Peri-

treme extending to middle or anterior of

coxa I. Dorsal plate setae as in female.
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159

160

Figs. 1*57-161. Laelaps bocquieri Tnuffliob, female. (157) venter; (158) dorsum, scale = lOO/;:

(159) ventral view of tarsus II; (160) ventral view of tarsus III; (161) ventral view of tarsus IV.

scale =- 50/i.
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Figs. 162-163. Laelaps bocquicri Taufflieb, male. (162) venter; (163) dorsum, scale = lOOju.

Both proximal and distal setae of coxa I

greatly enlarged, robust, and peglike;

seta ad 1 of femur I short, robust, and
spinelike, seta pd 1 at least twice as long
and rather robust; anterior seta of coxae
II and III somewhat enlarged and spine-

hke; posterior seta of coxa II of moderate
length and setaceous; posterior seta of

coxa III rather short, robust, and peglike;

seta of coxa IV slender and setaceous; tar-

sus I with 1 blunt preapical seta, tarsus

II with 3 moderately long, blunt setae, 1

being preapical, and tarsus IV with 4
blunt setae, 2 being preapical; other leg

setae mostly setaceous; however, some
short and spinelike.

Collection records
Chryssochloris leucorrhina
Congo (Brazzaville); 24 females,

18 males; Taufflieb, 1962

Remarks.— L. bocquieri differs from
all other Laelaps species in several unique
characters: gnathosomal and lateral hy-
postomal setae short, robust, and peglike;

both setae of coxa I, anterior seta of coxa

II, and both setae of coxa III robust and
peglike or spinelike; posterior seta of coxa

II long and setaceous; seta ad 1 of femur
I short and spinelike with seta pd 1 twice

as long; almost all dorsal setae minute,
setae Z5, rl, and si short and setaceous

and setae r2 short and spinelike.

L. bocquieri has been reported only from
Chryssochloris leucorrhina in the Congo.

Laelaps (Laelaps) breviperitremus

(Garrett and Strandtmann)
Figs. 164-167

Tur breviperitremus Garrett and Strandtmann,
1967, J. Med. Ent. 4(2):240-246 (Holotype:
Clanwilliam. South Africa; U. S. National

Museum, Washington, D.C.)

Laelaps breviperitremus: Furman. 1972, BYU Sci.

Bull, Biol. Ser. 17(3):l-58.

Description.— Female: (Figs. 164-

165) Idiosoma length 890 p.. Gnathosomal
setae short, robust, and spinelike; hyposto-

mal setae mostly setaceous, wdth medial
hypostomal setae shorter, reaching ap-

proximately halfway to base of gnathoso-
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mal setae. Posterior margin of sternal

plate moderately invaginated, at least to

level of 3rd sternal setae; all 4 pairs of

sternal setae short, robust, and spinelike;

anterior flap of genital plate overlapping

posterior margin of sternal plate very
slightly if at all; genital plate expanded
considerably posterior to coxae IV and set

very close to anal plate with posterior mar-
gin invaginated to accommodate anal

plate; 3 pairs of genital setae rather short,

robust, and spinelike, and only first 3

pairs set on genital plate; distance be-

tween 1 St genital setae much less than dis-

tance between 4th genital setae, and dis-

tance between 2nd genital setae distinct-

ly less than distance between 3rd genital

setae; greatest width of genital plate at

level of 3rd genital setae. Anal plate

roundly triangular, almost as wide as

long; adanal setae of moderate length, ex-

tending somewhat beyond base of post-

anal seta; adanal setae at level slightly

posterior to middle of anal orifice; post-

anal seta very large, rather long and ro-

bust. Unarmed venter bearing approxi-

mately 12 to 14 pairs of setaceous setae,

all rather long and most barbed; meta-
podal plates irregularly oval, slightly

longer than wide. Peritreme very short,

extending no further than posterior

of coxa II. Forty-one pairs of setae associ-

ated with dorsal plate; more anterior setae

short, robust, and spinelike, with posterior

and posterior marginal setae longer and
more setaceous; subterminal setae (J5)

long and slender with terminal setae some-
what longer and more robust. Approxi-
mately 12 pairs of slender, setaceous setae

border dorsal opisthosoma of soft in-

tegument. Both proximal and distal setae

of coxa I robust, blunt, and peglike, with
proximal seta somewhat larger; setae ad
1 and pd 1 of femur I subequal in length;

proximal posterior seta of trochanters I

and II short, robust, and peglike; an-
terior seta of coxae II and III of mod-
erate length and setaceous, yet somewhat
robust basally; seta of coxa IV short and
III rather short, robust, and peglike;

tarsi II, III, and IV each with 3 to 5

blunt, peglike preapical setae; most other
leg setae setaceous and normally devel-

oped; however, some may be shorter and
rather spinelike.

Male: (Figs. 166-167) Gnathosomal and
hypostomal setae setaceous, with gnathoso-

mal setae somewhat more robust; medial
h3'postomal setae of moderate length,

reaching almost to base of gnathosomal
setae. Ventral setae, except adanal and
postanal setae, rather long and slender,

extending well beyond base of adjacent

posterior setae; holoventral plate rather

broad between coxae II and III, greatly

narrowing between coxae IV, and greatly

expanded posterior to coxae IV; expanded
area between genital setae and anal orifice

bearing 5 pairs of setaceous setae; adanal
setae of moderate length, extending well

beyond base of postanal seta; adanal setae

set near middle of anal orifice; postanal

setaceous; posterior seta of coxae II and
seta somewhat longer than adanals but
much more robust and spinelike. Meta-
podal plates inapparent, apparently fused

to lateral extension of holoventral plate;

unarmed venter bearing approximately
10 to 12 pairs of slender setaceous setae

adjacent to holoventral plate. Peritreme
short, extending no further than posterior

of coxa II. Dorsal plate bearing 40 pairs

of setaceous setae; most dorsal setae of

moderate length, usually greater than dis-

tance between adjacent setae; subterminal
setae (J5) of medium length, extending
well beyond posterior margin of dorsal

plate, but considerably shorter than
terminal setae. Both proximal and distal

setae of coxa I setaceous, proximal seta

'Somewhat longer than distal seta; setae

pd 1 and ad 1 of femur I subequal in

length; anterior seta of coxae II and III,

posterior seta of coxae II and III, and
sota of coxa IV all setaceous, but some
may be robust basally; some preapical

9otae of tarsi TI, III, and IV robust and
"^pinelike; most other leg setae setaceous

and normally developed; however, some
may be shorter and rather spinelike.

Coi,r,r.cTioN rkcords
Arntnvs siihspinosus

Soutli Africa (Pakliuis Pass, Clanwilliam.
Traiisviinl); 28 females (type specimens);
Garrett and Strandtmann. 1967

South Africa (Goudveld, Cape Prov.);

29 females, 1 male, ^ ny.;

Garrett and Strandtmann, 1967

Rkmarks.— Garret and Strandtmann
(1067) originally placed L. brcvipcritrem-

i/s in the genus 7ur because of many
morphologic al characters possessed in com-
mon with 7'i/r which differ from any other

Ldi'hips species. Some of these distinguish-
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164 165
I

Figs. 164-165. Laelaps breviperitremus (Garrett and Strandtmann). female. (164) venter; (165)

dorsum; redrawn from Garrett and Strandtmann (1967).

Figs. 166-167. Laelaps breviperitremus (Garrett and Straiultmaiin;. male. (166) venter; (167)
dorsum, redrawn from Garrett and Strandtmann (1967).

ll
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ing characters are: very short peritreme,

extending to posterior of coxa II; many
short, robust, spinelike setae ventrally and
dorsally; only three pairs of setae on geni-

tal plate; greatly expanded genital plate;

plus other less obvious phenotypic differ-

ences.

L. breviperitremus is known only from
Acomys subspinosus in South Africa.

Host-Parasite Relationships

For the most part, species of Laelaps in

Africa are associated with myomorph ro-

dents and more particularly rodents of the

subfamily Murinae. However, there are

some exceptions to this statement. For ex-

ample, L. transvaalensis and L. paraspino-

sus were collected from Otornys sp. (sub-

family Otomyinae) more frequently than
from other hosts, but they were collected

from murine rodents as well. L. brand-
bergensis has been collected principally

from Petromyscus sp. (subfamily Dendro-
murinae), but again some specimens were
collected from murine rodents. L. con-

goicola, L. moucheti, L. aethiopicus, and
L. bocquieri are known only from single

type collections in which the hosts were
not identified beyond "rat" or "rodent"
or the specific identification of the host

cannot be confirmed. In the northern part

of Africa gerbils (Gerbillinae) are fre-

c}uently associated with species of Laelaps^
but the Laelaps species involved are ubiq-
uitous and are associated with such a va-

riety of hosts that the true host-parasite

relationship is obscure. Contaminations
which may have occurred in the field or

laboratory may account for other unusual
associations recorded in the list given be-

low. vSpecimens which were actually
found on nonmurine hosts likely repre-

sented spurious associations.

New collection records of species of

Laelaps from the African Mammal Proj-

ect. (ORS = Orange River Survey)

Order Insectivora

Superfamily Erinaceoidea
Family Erinaceidae

Subfamily Erinaceinae
Atelerix albiventris

L. keeaani - Upper Volta
Superfamily M;i( rostelidoidea

Family Mac losc clididae

FJephantulus intufi

L. keegani - South Africa (ORS)
L. simillimus - South Africa
L. vansomercni - South Africa

Elephantulus myurus
L. jritzumpti - South Africa (ORS)
L. liberiensis - South Africa (ORS)

Elephantulus rupestris

L. fritzurnpti - South Africa (ORS)
Macroscelides proboscideus

L. fritzurnpti - South Africa (ORS)
L. liberiensis - South Africa (ORS)
L. simillimus - South Africa (ORS)
L. transvaalensis - South Africa

(ORS)

Superfamily Soricoidea

Family Soricidae

Subfamily Crocidurinae
Crocidura hirta

L. liberiensis - Rhodesia
Crocidura sp.

L. keegani - Upper Volta
L. liberiensis - Ghana
L. roubaudi - Nigeria

Sylvisorex gemmeus
L. lavieri - Ghana

Order Chiroptera
Suborder Megachiroptera

Family Pteropidae
Subfamily Pteropinae

Hypsignathae monstrosus
L. lavieri - Ivory Coast
L. liberiensis - Ivory Coast

Suborder Microchiroptera
Family Nycteridae

Nycteris arge
L. lavieri - Upper Volta

Nycteris hispida

L. liberiensis - Mauritania
Nycteris macrotis

L. liberiensis - Senegal

Family Rhinolophidae
Subfamily Rhinolophinae

Rhinolophus clivosus

L. vansomereni - South Africa
Rhinolophus simulator

L. liberiensis - Rhodesia
Subfamily Hipposiderinae

Hipposideros baetus
L. lavoipierrei - Ivory Coast

Hipposideros coffer

L. benoiti - Ivory Coast
L. lavieri - Ivory Coast
/-. setzeri - Ivory Coast

Hipposideros comniersoni
L. malacomys - Ivorj' Coast

Hipposideros cyclops

L. lavieri - Ivory Coast

Family Vespertilionidae

Subfamily- Vespei'filioninae

Eptisicus capensis

L. liberiensis - South Africa (ORS)
Scotophilus nigrita

L. setzeri - Ivory Coast

Family Molossidae
Ta/larida Ironis

L. liberiensis - Senegal
Tadarida major

L. grenieri - Upper Volta

L. liberiensis - Upper Volta

Tadarida midas
L. simillirinis South Africa

Tadarida pumila
L. liberiensis Togo
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Order Primata
Family Lorisidae

Subfamily Galaginae
Galago senegalensis

L. liberiensis - Upper Volta
Family Cercopitlieridae

Subfamily Cercopithecinae
Cercopithecus rnitis

L. liberiensis - Rhodesia
Erythrocebus pata

L. liberiensis - Upper Volta

Order Lagomorpha
Familj' Leporidae

Lepus saxadlis

L. liberiensis - Botswana

Order Rodcntia
Suborder Hystricomorpha

Superfamily Bathyergoidea
Family Bathyergidae

Cryptomys hottentotus

L. liberiensis - Botswana,
South Africa

L. transvaalensis - South Africa
L. vansomereni - South Africa

Family Thryonomyidae
Thryonomys swinderianus

L. liberiensis - Rhodesia
Superfamily Octodontoidea
Family Petromyidae

Petromus typicus

L. transvaalensis - South Africa
(ORS)

Suborder M>omorpha
Superfamily Muroidea
Family Cricetidae

Subfamily Gerbillinae

Desmodillus auricularis

L. fritzumpti - South Africa (ORS)
L. liberiensis - South Africa (ORS)

Desmodilliscus braueri
L. liberiensis - Upper Volta

Gerbillus paeba
L. fritzumpti - South Africa (ORS)
L. liberiensis - South Africa (ORS)
L. vansomereni - Botswana

Tatera brandsi
L. fritzumpti - South Africa (ORS)

Tatera gambiana
L. liberiensis - Senegal

Tatera guineae
L. liberiensis - Guinea

Tatera kempi
L. keegani - Dahomey
L. liberiensis - Dahomey. Ghana,

Ivory Coast, Upper Volta
L. myomys - Upper Volta
L. roubaudi - Ivor>' Coast

Tatera leucogaster

L. fritzumpti - South Africa (ORS)
L. lavieri - South Africa (ORS)
L. liberiensis - South Africa (ORS).

Botswana
L. simillimus - South Africa
L. transvaalensis - South Africa
L. vansomereni - Soutli Africa

Taterillus gracilis

L. liberiensis - Upper Volta

Family Muridae
Subfamily Dendromurinae
Dendromus melanotis

L. liberiensis - South Africa (ORS)

Malacothrix typicus

L. liberiensis - South Africa (ORS)
Stealomys caurinus

L. liberiensis - Ivory Coast
Petromyscus collinus

L. brandbergensis - South Africa
(ORS)

L. fritzumpti - South Africa (ORS)
Subfamily Murinae
Acomys cahirinus

L. liberiensis - Ghana
L. setzeri - Ghana

Acomys spinosissineus

L. acomys - Rhodesia
Aethomys chrysophilus

L. fritzumpti - South Africa

(ORS), Rhodesia
L. lavieri - South Africa (ORS),

Rhodesia
L. liberiensis - South Africa

(ORS), Rhodesia, Botswana
L. malacornys - Rhodesia
L. simillimus - Botswana. South

Africa, Rhodesia
L. tillae - South Africa

L. transvaalensis - South Africa

L. vansomereni - Soutli Afnca
(ORS). Rhodesia

L. zumpti - Rhodesia
Aethomys namaquensis

L. brandbergensis - South Africa

(ORS)
L. fritzumpti - Botswana.

South Africa (ORS)
L. liberiensis - Soutli Africa

fORS)
L. paraspinosus - South Africa

(ORS)
Aethomys selindensis

L. vansomereni - Rhodesia
Arvicanthis niloticus

L. keegani - Ghana, Ivory Coast,

Nigeria, Senegal
L. liberiensis - Ghana, Ivory

Coast, Nigeria
Cricetomys emini

L. liberiensis - Upper Volta

Cricetomys gambianus
L. liberiensis - Nigeria
L. myomys - Upper Volta

Dasymys foxi

L. roubaudi - Nigeria
Dasymys incomptis

L. liberiensis - Rhodesia
L. roubaudi - Ivory Coast

Dephomys defua
L. liberiensis - Ghana
L. parasimillimus - Ivory Coast

Grammomys dolichurus

L. liberiensis - Upper Volta

Hybomys trivirgatus

L. grenieri - Ivory Coast

Hylomyscus alleni

L. liberiensis - Togo
Hylomyscus sp.

L. liberiensis - Ghana
Lemniscomys barbarus

L. grenieri - Ghana. Upper Volta

Lemniscomys griselda

L. liberiensis - South Africa

L. simillimus - South Africa,

Rhodesia
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L. tillae - South Africa. Rhodesia
L. vansoTTiereni - South Africa

Lemniscomys macculeus
L. grenieri - Ivory Coast
L. lavieri - Ivory Coast

Lemniscomys striatus

L. grenieri - Ghana, Ivory
Coast, Nigeria, Togo

L. lavieri - Togo
L. liberiensis - Nigeria, Togo

Lophuromys sikapusi

L. grenieri - Nigeria
L. lavieri - Ghana
L. lavoipierrei - Ghana. Ivory

Coast, Nigeria
L. liberiensis - Ghana

Malacomys edwardsi
L. malacomys - Ghana. Ivory Coast

Malacomys longipes

L. liberiensis - Ivory Coast
L. malacomys - Ghana, Ivory Coast
L. parasimillimus - Ivory Coast
L. setzeri - Togo

Mastomys ulbicaiulafus

L. liberiensis - South Africa (ORS)
Mastomys erythroleucus

L. liberiensis - Ivory Coast
Mastomys natalensis

L. fritzumpti - South Africa (ORS)
L. lavieri - Ghana. South

Africa (ORS)
L. lavoipierrei - Ivory Coast,

Upper Volta
L. liberiensis - Botswana, Rhodesia,

South Africa (ORS), Dahomey,
Ghana, Ivory Coast. Nigeria,

Senegal. Togo, Upper Volta
L. myomys - Upper Volta
L. setzeri - Togo
L. simillimus - South Africa

(ORS)
L. tillae - South Africa
L. transvaalensis - South

Africa (ORS)
L. vansomereni - South Africa,

Rhodesia
Mas haussa

L. lavieri - Nigeria
Mus minutoides

L. benoili - Ghana, Rhodesia
L. fritzumpti - South Africa (ORS)
L. lavieri - Ghana, Ivory Coast.

South Africa (ORS). Rhodesia
L. liberiensis - South Africa (ORS)
L. ziimpti - South Africa

(ORS). Rhodesia

Mus musculoides
L. benoiti - Ghana. Ivory Coast
L. keegani - Ghana
T.. lavieri - Ghana. Ivory Coast,
Upper Volta

L. lavoipierrei - Ghana
L. liberiensis Senegal, Togo
L. setzeri Togo
L. thamnomys - Togo

Mus setulosus

L. benoiti Ghana, Ivory Coast
A. lavieri Ghana. Ivory Coast
L. malacomys - Ivory Coast

Myomys daltoni

L. liberiensis (ihaiia. Ivory

Coast, Senegal, Upper Volta
L. myomys - Ghana. Ivorj' Coast,

Nigeria. Senegal, Upper Volta
L. transvaalensis - Senegal

Praomys tullbergi

L. benoiti - Ghana, Togo
L. grenieri - Nigeria, Togo
L. lavieri - Ghana, Ivory Coast

L. lavoipierrei - Ivory Coast
L. liberiensis - Ghana, Nigeria, Togo
L. roubaudi - Ghana
L. setzeri - Ghana. Ivory Coast.

Nigeria, Senegal, Togo
L. thamnomys - Togo

Rattus rattus

L. nuttalli - Madagascar,
Mauritius

L. setzeri - Ivory Coast

Rhabdomys pumilio
L. fritzumpti - South Africa (ORS)
L. liberiensis - South Africa (ORS)
L. peregrinus - South Africa (ORS)
L. simillimus - South Africa
L. tillae - South Africa
L. transvaalensis - South Africa

L. vansomereni - South Africa
Sacrostomus campestris

L. fritzumpti - South Africa (ORS)
L. lavieri - South Africa (ORS)
L. liberiensis - South Africa (ORS)
L. tillae - Rhodesia
L. transvaalensis - South Africa

L. vansomereni - South Africa
(ORS)

Thallomys paedulcus
L. fritzumpti - South Africa (ORS)

Thamnomys rutilans

L. liberiensis - Togo
L. thamnomys - Ivory Coast. Togo

Uranomys oweni
L. grenieri - Senegal

Uranomys ruddi
L. grenieri - Ivory Coast

L. lavoipierrei - Ghana
L. liberiensis - Ivory Coast

Subfamily Otomyinae
Otomys angoniensis

L. transvaalensis - Rhodesia,

South Africa (ORS)
Otomys irroratus

L. liberiensis - South Africa (ORS')

L. paraspinosus - vSoutli Africa

L. transvaalensis - South Africa

Parotomys brantsi

L. fritzumpti - South Africa (ORS)

Suborder Sciuroniorpha
Superfamily Sciuroidoa

Famil>' Sciuridae
Subfamily Sciurinae

Funisciurus pyrrhopus
L. liberiensis - Ivor>' Coast

Order Carnivora
I'^amil^' Mustelidae
Subfamily Mustelinae

Ictonvx striatus

I., lavieri South Africa (ORS)
/., liberiensis - South Africa (ORS)

Fiimil\ \'ivori(lae

Suhfamily Viverinae
Genetta servalina

L. liberiensis - Senegal
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Genetta villiersi

L. lavieri - Ivory Coast
L. liberiensis - Ivorj' Coast

Subfamil\' Heipestinae
Crossarchus obscurus

L. liberirnsis - Ivory Coast
Herpesles sanguineus

L. liberiensis - Rhodesia
Family Felidae

Subfamily Folinae
Felis lybicae

L. keegani - Upper Volta
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HINDIA SPHAEROIDALIS DUNCAN FROM rHE DEVONIAN
0¥ NEVADA (PORIFERA)

J. Keith Rigby^ and Micliael Mui-phy-

Abstract.— The small, spherical, lithistid sponge, Hindia sphaeroidalis Duncan, 1879, is reported
from the Devonian and Silurian of the Great Basin for the first time. Devonian specimens came
from the Emsian Bartine Member of tlie McColley Formation from near Roberts Creek. Roberts
Mountains, and from the Eifelian part of the Nevada Group near Bishops Creek, north of Wells,
Nevada. The Silurian occurrence, questioned because of poor preservation, is from the I.aketown
Dolomite, on Tunnel Spring Mountain in western Millard Countj% Utah.

Ilindia spliaeruidalis was described and
named by Duncan (1879:91) for spec-

imens collected from Lower Devonian
rocks in New Brunswick. Since that time,

the genus has been recognized in rocks
as old as Ordovician and as ^oung as

Devonian, and the sponge is geograph-
ically widespread. To date, however, the
spherical sponge has not been reported
widely in western North America, and
to our knowledge these are the first pub-
lished records of Hindia sphaeroidalis

Duncan in Lower and Middle Devonian
and in Silurian rocks of the Great Basin.

Occurrence

Specimens of Ilindia occur with some
commonness in the limestone and dolo-

mite of the upper part of the Bartine
Member of the McColley Canyon For-
mation in the Roberts Creek Mountains,
northwest of Eureka, Nevada (Fig. 1).

Some of these specimens are preserved
as chert in siliceous limestone beds, and
others are preserved as relatively coarse-

textured calcareous replacements. Sponges
occur with moderately common rugose
corals, brachiopods, and a broad variety
of bryozoans.

The Mc(>olley Canyon Formation was
initially differentiated as a member of the

Nevada Formation in the Sidphur S])rings

and Pinvon Ranges by Carlisle et al.

(1957:2181-2182) and equated to the Bea-
con l\^ak dolomite member of the Nevada
Formation as expo.sed in the Eureka Dis
trict and described by Nolan, Merriam.
and Williams (1956:41-42). Johnson
(1962: 544j raised the various members
of the Nevada Formation, as projxjsed by
Carlisle el al., to formation rank within
the Nevada Group. Gronberg (19()7) sid)

'Dcpiiitniciil of Geology, Bri(;liiiiii Yoiuig IJiiivcisily, I'r

-Deparlnic'iit of Earlli Sciomi-, University of Californin

divided the McColley Formation into

members in the Lone Mountain and
Table Mountain areas, west of Eureka,
and extended his nomenclature into the

Roberts Mountains area. Murphy and
Cironberg (1970) formally published the

member nomenclature, with the type
sections of the Kobeh, Bartine, and Coils

Creek Members established at Lone
Mountain, west of Eureka. The Emsian
Bartine Member contains the Eureka-
spirifer pinyoncnsis fauna and is the most
abundantly fossiliferous ])art of the Mc-
Colley Canyon Formation. It is in this

somewhat recessive argillaceous limestone
that Hindia occurs in the Roberts Creek
area of the Roberts Mountains.

A second collection of Hindia sphaeroid-

alis was made from Devonian limestone

in the Metropolis-Bishoji Canyon area 9

miles north of Wells, Nevada. These
sponges were collected by W. L. Stokes

of the University of Utah in 1951 and
were kindly loaned to us for study.

Bracliiopods associated with the sponges
noith of Wells. Nevada, were identified

by J. G. Johnson, (letter to Stokes, 3

March 1967) and include: Vallomyonia
devonica (Walcott), Schizophoria sp.,

indet. hynchonellid sp., Cassidirostrum
sp., Anatrypa sp., Spinatrypa (Inver-

trypa) sp., Warrenella kirki (Merriam),
lu-Jiinoroelia cf. denayeJisis Johnson, and
Leptathyris sp. These braihio])ods are in-

dicative^ of the Lepldlhyris circulu or W'ar-

retiella kirki zones of (he F,ileli;ui \Ii(l(lh>

DcNdiiiiui part of tlu> Nevada Group in

cenli'al NcNada.
In the Roberts Moiuiliiins and at l.oiie

Mountain in C(Mitral Nevada where these

bnu hio|)ods are JK^st kno\Mi (Johnson

I9()()), I''if(>li,ui faunas fii'st occur in tiie

ovo, Uliili .SHillJ.

—Riveisiflc, Riverside, f'iilifoiiiiii.

206
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Fig. 1. Index map to localities where specimens of Hindia sphaeroidalis Duncan have been col-

lected in northern and central Nevada. On the inset map locality- 1 is near Bishops Canyon, north

of Wells. Nevada. Locality 2, in the inset map. is in the Roberts Mountain area and is also shown on

the enlarged map of the Roberts Creek area. Sponges from near Wells came from the lower part of

the Middle Devonian and those from the Roberts Creek area from tlie upper part of the Lower Devon-

ian.

lower part of the Denay Limestone or its

equivalents which overlie the McColle}'

Canvon Formation. Eifelian age beds are

to be expected in the lower part of the

Simonson Dolomite of eastern Nevada and
western Utah.

In addition to the fossils from central

and northeastern Nevada, a single spec-

imen of Hindia. presumably Hindia
sphaeroidalis Duncan, was collected from

what is considered to be Upper Silurian

upper Laketown Formation in the Tunnel
Springs Mountain area, near Tunnel
Springs, in western Millard County, Utah.

This single specimen is poorly preserved

so that only the straight radiating canals

are clearly shown. The spicule structures

have been masked by recrystallization

and dolomization. In canal size and over-

all dimensions, however, it appears similar
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to the Nevada Devonian material. This
single specimen was collected by George
Young, in 1970, as a float specimen on
the slope of the formation.

Nevada Material

The Nevada specimens of the species

are all nearly spherical and have the

characteristic radiating canal ])attern and
spicule structure of the genus. Sponges in

the collections range from 12 to 27 mm
in diameter. In general they have weath-
ered into relief and show^ the canal-pocked
exterior, well known from other localities.

In some specimens there is an inversion

of the original morphology, for now the

canals stand as the high points and the

skeletal net is weathered into reticulate

depressions. Lowest points on the exterior

are triangular depressions which mark
the position of the tricranoclone spicules.

In these specimens, the net is commonly
calcified and the matrix is now silicified.

The nearly straight radiating canals,

which are well defined by stacked spicule

series, appear to be of two sizes on the ex-

terior and in the outer part of the interior

of the sponge. The relative size differ-

ences are not apparent in the interior of

the sponges. The smaller canals are ap-

proximately 0.2 to 0.25 mm in diameter
at the exterior of a sponge 16 mm in

diameter and gradually decrease in size

toward the center of the sponge. The
larger canals range from 0.3 to 0.5 mm
in diameter on the exterior and decrease
uniformly in diameter toward the center

of the sponge so that in the inner third

of the sponge differences in canals are

small and most are 0.1 to 0.2 mm in diam-
eter.

Small canals, even at the exterior, are

outlined by 6 stacked series of spic-

ules. These series are arranged in alter-

nating fashion so that only three spicules

are evident at any surface tangential to

the sponge exterior. The larger canals at

the exterior may have up to 18 stacked

series surrounding the radiating canals,

and in some of theso the shape of indi-

vidual s[)icules may he altennl by aborlion

of one ray or by changes in lengths of the

rays.

Spicules are moderately well preser\(>(l

in some of the specimens and are typical

tricranociones, in which thre(> sweepinglv
cur\(>(l ra\s. ihc cladoincs, are dircM ted

proximally and the fourth, the brachyome.
is directed distally. The entire skeletal net
appears like stacked series of distally

gradually enlarging three-legged stools,

placed so that the proximal rays of one
level articulate with the center of the
stool (the distal ray or brachyome) of the
immediately interior or lower level. The
spicule })attern for the genus has been
well described and illustrated b^ Rauff
(1894:335, pis. 15-17).

Tricranociones of the Nevada specimens
are characteristic of the sponge. Details

of sculptiu"e of particularly the normally
nodose dorsal surface of each of the prox-

imal rays is obscured by the two- or three-

generation replacement preservation of the

spicules. Separation of the rays of joining

spicules is also difficult because of the

jireservation, which in most specimens
is one of ghosts in chert or of variations

in crystallinity in calcareous ones.

In the interior of the sponges, rays are

u]) to 0.05 mm long from the spicule

center to the flared ray termination.

Some of these rays have maxinuun diam-
eters of 0.03 mm, where they are thickest

near their common origin but thin to less

than 0.02 mm before flaring to meet the

next interior series of sj)icules.

Localities.— Sponges from the Rob-
erts Mountains were collected from the

Emsian Bartine Member of the McColley
Canyon Formation from a locality 4800
feet'N 82°W from hill 7499, at elevation

approximately 7,980 feet, in the east

central part of Sec. 8, T. 22 N, R. 50 E,

(unsurveyed) on the ridge between trib-

utaries to Roberts Creek, northwest of the

mouth of the canyon, on the Roberts

Oeek Mountain quadrangle. Eureka
County, Nevada. The collections were
made by Michael Murphy.

The other collections of Devonian
Hindia came from Eifelian limestone ex-

posed in the first canyon north of Bishops

Canyon, approximately 2 miles and 2.5

miles northeast of Metropolis, and approx-

imately f) or 10 miles north of Wells,

Nevada. The old site of Metropolis is

Ne\ada 5(),0()()shown on tlio V\ (

(juadraiigle sheet as approximately l

miles west of where the road to Antelope

Peak area crosses Bishops Creek, but the

new location is nc^ar the crossing. The
s[)onge localities oc < nr in tli(> ((Milral part
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^y^ *.>

T

te^

^'.'^

rnrrSt
" ^'"'^'" sphaeroidalh from the Devonian of Nevada: (1) Hand specimen including threecomplete specimens of Hindia spharroidalis Duncan from the Emsian Bartine Member locality 2

of nn3
"'^

'P°V^''' 'T '". t',.«'V5^o^'« limestone; natural size, BYU 1377. (2) Photomicrograph
pooily preserved spicules of Hindia spharroidalis Duncan, as seen on a polished surface The spic-

nys'^Ts^'n?
^' three-chmensional calcified ghosts in milky, translucent chalcedony; X40 BYU

n,^'
^^ i'hotomicrograph approximately through the center of a spherical Hindia sphaeroidalisuuncan, showmg spicule tracts surrounding dark matrix-filled canals. The straight radiating canals

XlO BYU J'J/g''^"'^'^^"^
'^^*^°" '" the central area but m .hagonal section around the periphery;
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of Sec. 22, T. 6 N, 4. 52 E, in Elko County,
Nevada. The collections were made by
W. Lee Stokes in 1951.

The Silurian specimen was collected

by George Young from debris on a slope

of Laketown Dolomite on Tunnel Spring
Mountain, in Sec. 33, T. 23 S, R 17 W,
or Sec. 4, T. 24 S, R 17 W, Burbank
Hills quadrangle, Millard County, Utah.
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THREE NEW SPECIES OF NEARCTIC ISOPERLA (PLECOPTERA)'

Stanlej' W. S/xzytko- and Keiinoth W. Stewart-'

Abstract.— Nymi)lis iiiul iulults of three new species of hoperla are described from reared ma-
terial. /. sagittata is known only from southeastern Texas, /. coushatta has been collected in East

Texas and Oklahoma, and /. jeweiti occurs in the Basin and Range Mountains of West Texas. The
male aedeagii, female subgenital plates, and nymi)hal mouthi)arts are diagnostic in all three species.

KOH and gently pressing the abdomen.
The inouthparts of the four nymphal
exuvia were studied and compared with
nymphs from the Green River, Utah
(the nymphs of /. longiseta are unde-
scribed). These studies have confirmed
that these hoperla specimens from west
Texas constitute an undescribed species.

We thank Dr. Richard W. Baumann of

Brigham Young University and Dr. Peter

Zwick of the Max Planck Limnology In-

stitute in West Germany for helpful sug-

gestions during the course of this research

and especially during preparation of the

manuscript.

hoperla coushatta, n. sp.

Male.— Body length 6.0-7.0 mm, to tip

of wings 8.5-9.5 mm. Lobe on posterior

abdominal sternum 9 narrow at base with
truncate apex (Fig. 3). Paraprocts curving

inward and upward, only to posterior

margin of tergum 10, broad at base,

heavily sclerotized with apex curving out-

ward (Fig. 1). Aedeagus stalked, entire-

ly membranous, with one small double
lobe ventrally, and a large dome-shaped
dorsal lobe (Figs. 1-3). Abdomen cream
yellow. Cerci dark brown. Head pattern

variable, but usually with dark ocellular

triangle. Pronotum with median light

band similar to /. mohri as described by
Frison (1935).

Female.— Body length 7.5-9.0 mm, to

tip of wings 9.5-11.0 mm. Eighth sternum
produced posteriorly into a triangular sub-

genital plate covering not more than one-

third sternum 8; width at base three-

fourths width of sternum 9 (Fig. 4).

Color pattern similar to male.

Nymph.— Abdomen with three dark
prominent dorsal longitudinal stripes, two
lateral and one median; two lighter stripes

'Stud)' supported in part by the Faculty Research Fund of North Texas State University and U.S. Department of In-
terior, Environmental Protection Agency Traineeship #T 900115-04.

-Doctoral student. Department of Biological Sciences, North Texas State University.
'Professor, Department of Biological Sciences, North Te.xas State University, Denton, Texas 76203.

Stewart et al. (1974) indicated that

eastern Texas collections of Isoprrla ap-

peared close to /. nawdtd Frison and /.

mohri Frison and that further study in-

cluding comparisons with types was
needed. Ihey suggested that /. longiseta

Banks, collected in 1939 by H. H. and J.

A. Ross near El Paso, Texas, should be

reexamined in light of Frison's "reluc-

tant" identification, the brachypterous
condition of the males and the similarities

to /. mormona Banks that he mentioned.

Additional collecting and rearing has
been done in eastern Texas over the past

two years, and all reared, adult, and
nymphal material has been compared
with paratypes and nymphs of similar

species /. mohri, I. namata, I. richardsoni

Frison, /. burksi Frison, and /. davisi

James, borrowed from the Illinois Natural
History Survey. These studies emphasiz-
ing comparisons of male aedeagii, color

patterns, male paraprocts, female sub-

genital plates, and n\Tnphal mouthparts
have revealed two previously undescribed
species of hoperla from East Texas.

The eight vials of hoperla, labeled /.

longiseta by Frison in 1942 constituting

the 1939 El Paso collection, were obtained
from S. G. Jewett, Jr. and the Illinois

Natural History Survey. The aedeagus
of one male had been extruded and fixed,

apparently at time of collection. Adult
specimens and eggs dissected from fe-

males were compared with those of typi-

cal /. longiseta from the Green River in

Utah and /. mormona from Wyoming.
The one brachypterous male from La
Veta Pass, Colorado, mentioned by Frison

(1942) was also borrowed from the Illi-

nois Natural History Survey and ex-

amined. The aedeagus of /. longiseta

males from Utah were extruded for study
by clearing in a warm solution of 10%

211
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Figs,

aspect;

1-3. Isoperla coushatta male terniinalia witli aedeagus exti^uded: 1. doisal aspect; 2, lateral

3, ventral aspect.

between each lateral and median stripe.

Head pattern variable, generally with a

dark ocellar triangle. Pronotuni with
Hght median band as described for /.

mohri (Prison 1935). Lacinia with two
teeth, subapical tooth one-fourth to one-
half length of apical tooth. Hairs con-
tinuing entire length of inner margin
(Fig. 5). Labrum with median swelling
(Fig. 6). Left mandible with five short,

stout apical teeth (Fig. 7); paraglossae
slender, length approximately 1.5 times
width of base; glossae not produced up-
ward at apex (Fig. 8). Posterior margin
of abdominal segments with continuous
row of hairs.

Material.— Male holotype. Saddler
Creek, Anderson (bounty, Texas, 30-111-

1974, S. W. S/xzytko and K. W. Stewart;
female allotype, Caney Creek, Montgom-
ery County, lexas, 20-111-1974, S. W.
Szxzytko and K. W. Stewart. Paratypes:
35 nymphs, I Fighway 282, 3.5 miles W
.lunct. 19, Anderson County, Texas, 30-

III-1974, S. W. S/.czytko and K. W. Stew-
art; 6 males and 6 females, 28 nymphs,
31 exuviae. Highway 287 W Palestine,

Anderson County, Texas, 29-11-1975, S.

W. Szczytko; 8 females and 3 exuviae,

Highway 8, 6 miles N Linden, Cass Coun-
ty, Texas, 14-IV-1973, S. W. Szczytko and
K. W. Stewart; 5 males, 2 females, 12

nymphs, 9 exuviae, Highway 294 E Alto,

Cherokee County, Texas, 21-11-1975, S.

W. Szczytko and K. W. Stewart; 2 fe-

males, Naconiche Creek, Highway 59,

Nacogdoches County, Texas, 30-III-1974,

S. W. Szczytko and K. W. Stewart; 2 fe-

males, 1 nymph, 1 exuviae, Little Cow
Creek, Newton County, Texas. 22-11-

1975, S. W. Szczytko; 2 nymphs. High-
way 87, 3 miles S .lunct. 21, Sabine Coun-

ty,' Texas, 14-III-1973, S. W. Szczytko

and K. W. Stewart; 2 nymphs, Highway
87, 4 miles E Milam, Sabine County,
IVxas, 19-III-1973, S. W. Szczytko; 1

m niph and 1 exuviae, Huana Creek,

Shelby County, Texas, 29-11-1975. S. W.
Szczytko and K. W. Stewart.

The holotype and allotype are deposited

in the U.S. National Museum of Natural

History, along with two paratypes of each

sex and fiv(^ tiymphs. I^aratypes are also

deposited in the North Texas State Uni-
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11

Figs. 4-11. Isoperla spp.: 4. /. coushatta adult female, ventral aspect of subeenital ulate- '^ 8
•

^^t':^as^c7lo'•r''/""
'

'^?[T-
"• 1^^* '"^"^'^^^^' « lab^um^-li;;. ,:S male tm,na ;':

^, \entral aspect, 10. dorsal aspect. 11. lateral aspect with aedeagus extruded.
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versity Museum, the Illinois Natural His-

tory Survey Museum, and in the personal

collections of R. W. Baumann and S. W.
Szczytko.

Distribution.— Oklahoma—six coun-

ties: Bryan, Blue River; Cherokee, 14-

mile Creek; Choctaw, Clear Creek;

Hughes, Salt Creek; Johnson, Blue River,

unnamed stream; Pontotoc, Muddy Bog-

gy Creek. Texas—fifteen counties: Ander-
son, unnamed stream, Saddler Creek
(type locality) ; C.-^ss, unnamed stream,

Hughes Creek, Henderson Creek, Frazier

Creek; Cherokee, unnamed stream, Keys
Creek; H-mviilton, unnamed stream;

Houston, White Rock Creek; Jasper,

Boykin Spring; Liberty, East Fork of

San Jacinto River; Montgomery, Caney
Creek; Nacogdoches, Naconiche Creek,

Yseleta Creek, unnamed stream; New-
ton, Little Cow Creek, Big Cow Creek;
Panola, Murvaul Creek; Polk, Bear
Creek, Big Creek; Sabine, unnamed
stream; Shelby, unnamed stream, Huana
Creek; Tyler, unnamed stream. Big Cy-
press Creek.

Diagnosis.— Isoperla coushatta is a

noun in apposition and was chosen in

honor of the Alabama-Coushatta Indian
tribe that resided in Polk County, Texas,
one of the first counties in which the spe-

cies was collected. /. coushatta is most

Figs. 12-15. Isofjrrla jewetti: 12, feninle subpoiiiliii pl;ito. venlriil aspect; H. maxilla of nymph;
14, loft rnaridihlc of nymph; 16, labinm of nymph.
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closely related to /. mahri. Males can be

distinguished from /. rnohri by the shape

of the ventral lobe on the eighth sternum
(Figs. 3, 26), the lack of sclerotized digited

fingers of the aedeagus (Figs. 27, 28), the

longer, slender paraprocts, and the shape

of the lobe on the eighth sternum. Fe-

males differ from /. ryiohri and /. namata
bv the shape of the subgenital plate (Figs.

4, 29; /. namata not illustrated). Mature
n\Tnphs can be distinguished from /. rnoh-

ri and /. namata by the lack of paired dots

and presence of five rather than three dor-

sal longitudinal abdominal stripes, with
the median stripe being ^^^der. Nymphs
of /. coushatta differ from /. mohri also in

that the lacinia has two apical teeth (Fig.

5) rather than one (Fig. 30), and the

hairs are located only on the inner margin
of the lacinia. The labrum is rectangular

(Fig. 6) rather than broadly triangular as

in /. mohri (Fig. 31). The paraglossae

(Fig. 8) lack terminal nipples as in /.

mohri (Fig. 32). and the mandibles (Fig.

7) bear five short teeth rather than two
long ones as in /. mohri (Fig. 33).

Biology.— This species and /. mohri
were tentatively referrred to as /. namata
by Stewart et al. (1974). It is restricted

to the forests east of the blackland prairie

in Texas. Nymphs occur in the decaying

leaves of small sandy-bottomed streams.

We have been unable to find eggs in fe-

males up to six days of age. Males and fe-

males reared in the lab did not mate.

Emergence occurs from early March to

mid-April.

hoperla jewetti. n. sp.

Isoperla longiseta: Prison. 1942, Bull. 111. Natur.

Hist. Surv. 22:318-320.

Male.— Body length 6.0-7.0 mm, to tip

of wings 3. '5-4.0 mm; sternum 8 with
broadly rounded lobe (Fig. 9). Paraprocts

short, stubby much like /. mormona.
Patches of spinules on terga 9 and 10

(Fig. 10). Aedeagus membranous vvdth

long dorsal fingerlike process (Fig. 11).

Female.^— Body length 6.5-9.0 mm, to

tip of wings 8.0-10.5 mm. Sternum 8 pro-

duced posteriorly into elongate-truncate

subgenital plate produced slightly over

sternum 9 (Fig. 12).

Nymph.— Nymph described here from
exuviae. Lacinia with apical and sub-

apical teeth, apical tooth slender, evenly
tapering throughout length (Fig. 13).

Mandibles with two prominent lobes on
inner margin below bristles (Fig. 14).

Paraglossae stout, truncate apically; pre-

mentum with \^^de V-shaped cleft (Fig.

15).

Figs. 16-17. Isoperla spp. eggs, scanning electron micrograph:
700X; 17. /. longiseta. photographed at 400X.

16, /. jewetti, photographed at
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Figs. 18-21. Isoperla xagittata iidult termiiiiilia: 18. nialo with aedeagus extruded, ventral as-

pect; 19, male with aedeagus extruded, lateral aspect; 20. female, ventral aspect; 21, female, lateral

aspect.
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Material.— Male holotype, female
allotype, 6 male, 17 female paratypes

and 2 exuviae, 5-10 miles south of El

Paso on road to Marathon in Taruorix

along irrigation ditch. El Paso County,
Texas, 22-1V- 1939, J. A. and H. H. Ross.

The holotype, allotype, 4 male and 15

female paratypes, and 2 exuviae are de-

posited in the Illinois Natural History

Survey Museum. Two paratyj)es, a male
and a female, and one exuviae are de-

posited in the U.S. National Museum of

Natural iJistory. A similar deposit has

been made in the North Texas State Uni-
versity Collection.

Distribution.— Texas—one county:

El Paso, unnamed stream.

Diagnosis.— Prison in 1942 identified

the Texas specimens with some hesitation

as /. longisctd. indicating that there were
differences in the paraprocts and color pat-

tern of the head, in addition to the bra-

chypterous nature of the males. Stanley

G. Jewett. .Jr. of West Linn, Oregon,
for whom the species is named, examined
the s})ecinieiis some time after Prison

and indicated that they were closely re-

lated to /. longiseta (pers. corr.).

Males can be separated from longiseta

by the shorter, stubbier paraprocts, and
the fingerlike process dorsally on the

aedeagus. The paraprocts of /. longiseta

are long and slender, and the aedeagus
has two dorsal lobes wdth a short process

between them. Males differ from /. wor-
mona by having more slender paraprocts

and a broader lobe on sternum 8 which
is rounded posteriorly; this lobe is square
shaped and narrow at the base in /. mor-
tnona. Only the holotype has the aedeagus
extruded. We attempted to manually evert

the aedeagus of two other males but
found them too fragile due to the long
period in preservative. We found no char-
acters to separate females of /. jewetti from
/. longiseta. Females of /. jewetti can be
separated from /. mormona by the shape
of the subgenital plate. In /. jewetti as in

/. longiseta it is truncate and produced
over about one-fourth of sternum 9,

whereas in /. mormona it is not produced
and is usually emarginate.
The eggs of /. jewetti. obtained from

preserved females, are smaller, 200 /(.

width X 300 n length, (Fig. 1 6) than those
of /. longiseta. 270 /-. width x 380 /,.

length (Pig. 17'i. Their sperm guides are

irregularly spaced near the equator of

the eggs (Figs. 16, 17). The sperm
guides of /. longiseta are 0.9066

ij.
in

length, whereas those of /. jewetti are

0.3600 />.. The crown area of the /. longi-

seta egg is more well developed (Fig. 17)

and elevated than in /. jewetti (Fig. 16).

The chorionic sculpturing is similar in

both species.

The one male specimen from Colorado
previously mentioned is very similar to

/. jewetti. Since a revision of the western
Isoperla is underway by the authors, the

status of this Colorado population will be

reserved until the revision is completed.

Biology.— This species apparently

emerges in the middle of April. We have
attempted without success to collect addi-

tional specimens. This population may
now be extinct due to the heavy use of

pesticides in the irrigation ditches and
canals in that area.

Isoperla sagittata. n. sp.

Male.— Body length 6.5-7.5 mm, to tip

of wings 9.0-9.5 mm. Lobe on posterior

abdominal sternum 8 wide at base with
truncate apex (Pig. 18). Paraprocts re-

duced, not curving upward to posterior

margin of tergum 10. Aedeagus entirely

membranous with median dorsal lobe and
two dorsolateral lobes (Pigs. 18, 19), its

ventrum ^vith elevated sagittate region

(Pig. 18). Abdomen bright orange red,

with one prominent dorsomedian longi-

tudinal dark stripe and two faint lateral

stripes. Head pattern variable, usually

with dark triangle between ocelli.

Female.— Body length 7.0-8.0 mm, to

tip of wings 9.0-10.0 mm. Eighth sternum
posteriorly produced into triangular sub-

genital plate (Fig. 20), covering approxi-

mately one-half sternum 9; plate pro-

duced downward about 90 degrees (Fig.

21 ) . Color pattern similar to male but

duller.

Nymph.— Abdomen with dark median
longitudinal stripe and two faint lateral

stripes. Usually one, sometimes three

rows faint dots associated with each lateral

stripe; one row black dots on median
stripe. Head and pronotum mostly con-

colorus, without distinct pattern. Prono-

tum with long hairs around margins. La-
cinia bidentate; apical tooth long, sub-

apical tooth about one-half length of api-
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Figs 22-28. hoperla spp.: 22-2'5, /. sapittaia nymph. 22, maxilla. 23. labrum, 24. labium. 25. left

mandible; 26-28, /. mohri male terminalia, 26, ventral aspect, 27. lateral aspect, aodeagus extruded.

28. aedeagus, ventral aspect.
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Figs. 29-33. Isoperla mohri: 29, adult female terminalia. ventral aspect; 30. maxilla of nymph;
31, labrum of nymph; 32. labium of nymph; 33, left mandible of nymph.

cal tooth. Small tuft of setae below sub-

apical tooth (Fig. 22). Labrum rectangu-
lar with small median hump (Fig. 23).
Cleft between glossae wide (Fig. 24).
Left mandible with three teeth, first tooth
long and slender, second about three-

fourths length of first, third tooth biden-
tate with small lobe on inside margin
(Fig. 25).

M.\TERiAL.— Male holotype. female
allotype, 2 male, 3 female and 3 nymph
paratypes, and 9 exuviae. Little Cow
Creek, Newton County, Texas, 28-n-1975,

S. W. Szczytko and K. W. Stewart. The
holotype, allotype, and one nymph are de-

j)osited in the U.S. National Museum of

Natural History. I'hree paratypes, a male,

a female, and a nymph, are deposited in

the Illinois Natural History Survey Mu-
seum. The North Texas State University

Collection has received a similar deposit.

Distribution.— Texas—one county:

Newton, Little Cow Creek.

Diagnosis.— The species name is de-

scriptive of the raised area on the venter
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of the aedeagus. We compared adults and
nymphs with Prison's ])aratypes of /.

hurksi from Lusk Creek, EddyAille, Ilh-

nois, and his species lacks this sagittate

area. The female subgenital plate lacks

the deep notch that is characteristic in /.

burksi, and it is produced downward to

near 90 degrees of the body axis, unlike

/. burksi (Prison 1942: Fig. 110). Nymphs
of /. sagittata differ from those of /. burk-

si by having dorsal longitudinal stripes

rather than transverse dark bands; the

subapical tooth of the lacinia is shorter,

being approximately one-fourth to one-

half the length of the apical tooth, where-
as in /. burksi it is approximately three-

fourths the length of the apical tooth.

Biology.— This species is known only

from a single locality in southeast Texas.

N}Tnphs were collected in a swift, sandy-
bottomed stream in decaying leaves and

Vol. 36, No. 2

debris. Adults were collected in low-

lying vegetation near the stream edge.

Paragnetina fumosa, Acroneuria arenosa^

Perlesta placida, and Isoperla coushatta

were also found in the same stream. One
female dissected at the age of three days
contained no eggs.

Adults emerge for a very short period

in February. Adults and nymphs appear
to be rare and are difficult to collect.
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AQUATIC AND SEMIAQUATIC HETEROFrERA OF THE
GRAND CANYON (INSECTA: HEMIPTERA)

John T. Polhemus^ and Martin S. Polhemus-

Abstract.— The aquatic and seniiaquatic Hemiptfia from 12 localities in Marble Canyon and
Grand Canyon are reported, along with those from I locality in the Escalante Canyon. Fourteen
species are recorded and compared to the water-bug fauna of the southwestern Ignited States and
western Mexico. Ochterus rotundas n. sp. is described from the Grand Canyon and the mountains
of western Mexico.

The aquatic and seniiaquatic Heter-
optera of the Grand Canyon are not well
known. This fact, coupled with the dis-

covery that an undescribed ochterid in-

habited both the Grand Canyon and the

mountainous regions of western Mexico
prompted an expedition to sample this

fauna in late May and June 1972. Col-

lecting permits were granted by the U.S.

Park Service, and we obtained the splen-

did cooperation of the late Dr. Aaron
Ross of Ogden, Utah, who provided raft

transportation, advice on a variety of dif-

ferent ecological situations that could be
sampled, and logistic support to help reach
collecting locations.

In this paper, we treat Marble Canyon
and the Grand Canyon as one. The start-

ing point was Lee's Ferry and the stop-

ping point was the pull-out north of

Peach Springs, Arizona. Later in 1972 the

first author sampled a spring location in

Davis Gulch on the Escalante and the

data is included for comparison.
The 13 collection locations are described

so that ecologists can make use of the data

presented here. Following the species tab-

ulations, a discussion of the affinities

of the fauna is given. All material is held
in the collections of the University of

Colorado Museum (CU) and the United
States Museum of National History
(USNM).
In addition to those mentioned previous-

ly, we are indebted to Dr. Peter Robinson
(CU) and Dr. Jon Herring (USNM)
for making available material for study.

Description of Collection Locations

CL557. Lake Powell. Davis Gulch on the

Escalante River.

This gulch has intermittent water in

the sandy stream bed, with some perma-

nent seep springs. The collection was
made at the side of a small waterfall. The
damp soil was overgrown with Aegetation

which had to be pulled away to disturb

the soil clinging to cracks in the rock be-

fore the bugs could be seen. There were
many trees, grasses, and other plants in

this canyon. October 2, 1972.

CL545. Vasey's Paradise. Marble Canyon.
This is a well-known spring leaping

from a sheer wall. Adjacent to the spring

are many seeps with abundant vegetation,

and wet rock faces with and without
vegetation; the collections were taken
from these seep areas. May 28, 1972.

CL546. Buckfarm Canyon. Mile 41, Mar-
ble Canyon.
Buckfarm is dry at the Colorado River

confluence, but abundant seeps occur on
a low wall about i^ mile upstream. A
great deal of vegetation grows on this

wall, preventing the moist earth from
eroding. May 28, 1972.

CL547. Clear Creek. Mile 84.

The permanent stream has swift, clear

water and a pebbly bottom without large

boulders. Collections were made along the

stream and at pools near a waterfall

about a mile from the mouth. May 30,

1972.

CL548. Confluence of Colorado and Little

Colorado.

The latter river is milky blue since

most of the flow originates in large springs

some distance upstream. The pebbles and
rocks in the riffles are covered and stuck

together ^vith travertine; the fauna is

depauperate. May 29, 1972.

CL549. Shinomu Creek. Mile 109.

This is a good-sized stream with a

stony and gravel bottom. The water is

'Department of Environmental, Population and Organismic Biology. University of Colorado, Boulder 80302 and Martin
Marietta Corp.. Denver 80201.

=E 1102 Plateau, Spokane, Washington 99203.
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clear and warm. Collections were from
long, deep pools, a waterfall near the

mouth, and a mile of stream above the

falls where the valley widens and trees,

grasses, and sandy banks are prevalent.

May 31, 1972.

CL550. Elves Chasm.
The very narrow canyon prevents sun-

light from entering except for short

periods, so this chasm is the coolest we
visited. A series of grottos, falls, and seeps

on the walls provide numerous habitats,

but most species were still immature, in-

dicating late maturation at this localit}'.

The water is crystal clear, with abundant
algae in the pools. May 31, 1972.

CL551. Stone Creek. Mile 132.

This stream has a fairly wide valley in

places where springs arise on benches

and feed small saw-grass marshes. Some
seeps occurred on rock walls. The main
stream has sandy banks, clear water, and
a bottom of gravel and small stones. Col-

lections were made for several miles up-

stream from the mouth. May 31, 1972.

CL552. Thunder Spring.

Thunder River issues in a torrent from
this spring, situated high on a cliff ab.out

four miles from the Colorado. The stream

has an extremely steep gradient to its con-

fluence with Tapeats Creek, so collecting

was restricted to the spring region where
the cold water encouraged a lush growth
of watercress. June 1, 1972.

CL553. Deer Creek.

Lower Deer Creek is hidden in an ex-

tremely narrow deep gorge, so no collect-

ing was possible. The upper stream is

swdft and clear, flowing through a rela-

tively broad valley with dense vegetation

and many trees. Occasional gravel bars

occurred where collections were made.
June 1, 1972.

CL554. The Ledges.

Shelves of limestone adjacent to the

river give this locality its name. Several

seeps and shallow spring pools provided

limited collecting. .June 1, 1972.

CL555. Ilavasu Creek.

Compared to the other canyons visited,

Havasu ranks as a large canyon. The
large, swift stream is milky blue, indicat-

ing heav^ niiiierali/ation. Many traver-

tine dams form large })ools, and while
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these were largely sterile, some side pools

had good growths of vegetation providing
habitats for aquatic insects. June 2, 1972.

CL560. Lava Falls.

On the south bank along these rapids

there is a rather sizable saw-grass marsh.
The spring water from the marsh has de-

posited travertine on the steep banks of

the river which is overgrown with vegeta-

tion in many places, being kept constantly

moist. Collections were made along these

steep to overhanging banks. June 3,

1972.

List of Species Found

Only the collection location numbers
are given here. Refer to the location de-

scriptions for full data.

Gerridae

Gerris remigis Say. CL546, Id", 4 9 9

apterous, 2 nymphs; CL547, 1 cf apterous,

IcT, 19 alate; CL549, 2 d" cT alate.

Macroveliidae

Macrovelia hornii Uhler. CL552, 1 d" •> 1

9, brachypterous; CL557, Id", 5 9 9,
brachypterous.

Veliidae

Microvelia beameri McKinstrv. CL547, 2

(^d, 39 9 alate; CL551, "id", 29 9

alate; CL555, 1 d" apterous, 1 9 alate.

Microvelia torquata Champion. CL545, 3

(S (S > 59 9 apterous; CL546, Gd'cT, 5

9 9 apterous; CL547, 3d" cT, 12 9 9 ap-

terous, 29 9 alate; CL549, 3d"d", 4 9 9

apterous, 49 9 alate; CL550, 2d" d* ap-

terous; CL551, 4d"cr, l9 apterous; CL-
552, 1 S <S , 2 9 9 apterous, 1 nymph;
CL554, 2crd", 7 9 9 apterous, 1 nymph;
CL555, 5d"cr, 6 9 9 apterous, Id", l9
alate; CL557, 3d"d", 5 9 9 apterous.

Rhagovelia distincta Champion. CL547, 1

d', 3 9 9 apterous, 2d" d" alate; CL548, 1

cT, 39 9 apterous, 2d" d" alate; CL549,

5d'd", 3 9 9 apterous, 4d" d* alate, 4 |ji

nymphs; CL551, 3d'd', 5 9 9 apterous,,'

1 9 alate, 3 nymphs.

Hebridae

Hehrus hubbordi Porter. CL557, 4d"d", 7

9 9 alate; CL546, 79 9 alate; CL550,

IcT alate; CL551, l9 alate; CL553, 19
alate; CL554, 29 9 alate.
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Hehrus obscura Polhemus and Chapman.
CL550, Icf, l9 micropterous.

Salclidae

Saldula pexa Drake. CL549, 2d" cT, 2 $ $ ;

CL550, IcfcT, 4$ $; CL553, 2cfd', 2

9 $ ; CL555, 2crcf, 3 9 9.

Saldula pallipes (Fabricius). CL545, 3

cfcT, 19; CL546, ScTcT, 3 9 9; CL549,
4cr cT, 1 9 ; CL550, 2 9 9; CL555, 299.

Ochteridae

Ochtcrus harberi Schell. CL551, 3d"cr, 1

9.

Ochtcrus rotundus Polhemus and Polhe-
mus, n.sp. CL546, 2<S<S, 29 9, 5

nymphs; CL550, 3 nymphs; CL551, 1 9,
1 nj-mph; CL554, 1 nymph (?).

Gelastocoridae

Gelastocoris oculatus (Fabricius). CL557,
\;<S d; CL549. 1 nymph (?); CL551, 1 9,
1 n\TTiph.

Corixidae

Graptocorixa serrulata (Uhler). CL550,
1 cT ; CL555, 9 cf cT , 8 9 9 , 1 nymph.

Notonectidae

Notonecta lobata Hungerford. CL547, 2
9 9; CL550, Id"; CL551, 1 nymph;
CL554, 2d"d", 29 9; CL555, 6d"d", 4
9 9.

Ochtcrus rotundus n. sp.

Large, ovate, widest across middle of

hemelytra. Color: Ground color blackish
brown, with greenish cast over most of

dorsum; lateral and posterior margins of

pronotum, margins of hemelytra brown;
elongate spot on explanate margins of

pronotum, apex of clavus yellow or yellow
brown; dorsum covered with tiny golden
pubescence. With usual silvery grey spots

on pronotum and hemelytra; on pronotum
at anterolateral angles next to collar, at

anterolateral angle of posterior lobe just

behind tubercle, and each side of center;

on clavus scattered over basal half; on
hemeh^ra, a large spot at base of mem-
brane, five irregular spots along margin
plus a small spot at suture.

Underpart of thorax frosted with grey;
of abdomen, deep brown. Legs, rostrum,
labrum, yellowish to yellow brown.

Frons brilliant green to blackish green.

Structure: Ryes pronunent, slightly high-

er than vertex in side view; even with
frons in top view (Fig. If). Frons rugose,

faintly carinate on midline. Width of

eye/interocular space, 8/13 (viewed from
top).

Pronotum with lateral tubercles on disc,

lateral margins straight or very slightly

cuned; hind margin sinuate; postero-

lateral angles as in Fig. Id; length /width,

55/142.
Hemelytra with membrane not promi-

nent, cells indistinct. Scutellum length/
width, 47/76; somewhat tumid. Mesoxy-
phus acute (Fig. le).

Antennal formula L II: III: IV; 7: 9:

19: 20

Male genital capsule and right para-

mere as in Figure la, b, and c.

Measurements.— Male: Length 4.5

mm, width 2.8 mm. Female: Length 5.5

mm, width 3.5 mm.

Material.— MEXICO: Durango: holo-

type, male, and 2d' cf paratypes, 7 mi
W Los Bancos, km 175, on top of divide,

IV-26-1974, M. S. Polhemus (JTP). Ad-
ditional paratypes as follows: MEXICO:
Durango: 6d'd',79 9,7miW Los Ban-
cos, CL1017, 20 April 1964, J. T. and M.
S. Polhemus (CU); 2d'd', 29 9, 16
n\TTiphs (nymphs not paratypes), E
Santa Lucia, IV-26-1964, M. S. Polhemus
(JTP). Michoacan: Id", 1 9, E Morelia,

El Salto, CL751, VM5-1975, J. T. Polhe-

mus (JTP); 5d'd", 129 9, 3 nymphs,
Uruapan, CL747, VL14-1975, J. T. Polhe-

mus (JTP). Sinaloa: 1 d", 2 9 9,1 nvmph,
4 mi E La Palmita, CL722, VL6-1975,
J. T. Polhemus (JTP); Sonora-. 10d"d",
3 9 9, 5 nvmphs, Rancho Los Banos,
Canvon, NE^Nacazori, CL709, VL3-1975.
J. r. Polhemus (JTP). USA: Arizona:

1 9 , Grand Canvon, Stone Creek, mile

132, CL551 V-31-1972, J. T. and M. S.

Polhemus (JTP); 2d"d', 29 9, (5

nymphs, not paratypes), Marble Canyon,
Buckfarm Canvon, mile 41, seeps 1/2 ^
from Colorado^ River, CL546 V-28-1972,
J. T. and M. S. Polhemus (JTP); l9,
Grand Canyon (USNM).

Also the following, not considered para-

types: MEXICO: Jalisco: 3 9 9 , S Misma-
loya, CL734, VL9-1975, J. T. Polhemus
(JTP). Nayarit; 3 9 9, W Compostela,

CL730, VL8-1975, J. T. Polhemus (JTP).
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Fig. 1 Ochturus rotundas n. sp.: (a) right male paramere. tip, seen as in amnv of b (b)

right male paramero; (c) male genital capsule; (d) pro.iotum. dorsal view; (e) mesoxyphus, (f)

head, dorsal view.

Discussion.— This species is quite dis-

tiiict clue to its largo size, ovate sha[)e. and

greenish color. A specimen of roturulus

from the Grand Canyon (USMN) was

determined by Schell (1943) as O. viridi-

fnms Champ, but rotundus has little in

(onunon with the latter.

The specimens collected by the authors

were taken from seeping rock faces at

various localities in western Mexico and
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from vegetated areas on steep rock faces

in the (rrand Canyon.

Zoogeography

When we began this expedition, we had
no preview as to the affinities of the aqu-
atic Heniiptera fauna of the Grand Can-
yon gorge except one undescribed ochterid

specimen (USNM) that tied the fauna to

the Sierra Madre of western Mexico. We
had expected to find other evidence of a

northward extension of the Mexican
fauna, as such evidence existed for sites

further south in Arizona (Polhemus
1966), but this exj)ectation was not ful-

filled. As can be seen in Table 1, 9 of the

14 species taken on this expedition occur
in western Mexico, but Ochtcrus rotundus
is the only one of these species that is not

also widespread through the southwestern
United States. Notonecta lohata has its

range centered in southern Arizona, being
uncommon elsewhere in the state, and can
be considered an isolate in the Grand
Canyon. Beyond these two species, the

fauna is typically southwestern but is

depauperate.

Certain species and genera were ex-

pected but not found, including Buenoa
and other species of Notonecta (Notonecti-

dae), Abedus (Belostomatidae), Velia (Ve-
liidae), Gelastocoris rotundatus Champion,

other cori.xids, other Gerris species (Ger-

ridae), Mesoiw/ia (Mesoveliidae) and ad-

(htional species of Saldidae.

Intensive collecting in locations having
the diversity of habitat and topography
encountered in the Grand (>anyon gorge

and the side canyons we explored would
yield a substantially larger number of

species elsewhere in Arizona at the same
elevations. For instance, if a transect from
Bisbee to Tucson further south was cho-

sen, a quick review of the species found
in and around Sabino Canyon, the Santa
Rita Mountains, and the Huachuca Moun-
tains on such a transect shows a faunal

list (not intended to be exhaustive) of

1 1 families, 25 genera, and 44 species.

The 7,00()-foot landmass seems to have
effectively blocked the northward dispers-

al of species such as Saldula dewsi, Hodg-
den, Xlartarega mexicana Truxal, and
Velia summersi Drake, which occur
scarcely 80 miles south in Oak Creek
Canyon. The first two species are typ-

ically Mexican and may be rather recent

invaders (see Menke and Truxal 1966).

There are two species, Abedus herberti

Hidalgo and Ambrysus woodburyi Us-
inger, which should be found in side

streams in the Grand Canyon as it bisects

their ranges. They occur at Sedona to the

south and in the Virgin River system to

Table 1. Distribution of species found in the Grand Canyon.

Collection ilities

Species found
in Grand Can3'on

^ t>>
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Hebrus hubbardi
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Ochterus barberi
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Graptocorixa serrulata
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the north; the latter has headwaters in

the Hurricane Cliffs only a few miles

from Tapeats Creek, the latter a feeder of

the Colorado.
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LATE PLEISTOCENE-EARLY HOLOCENE HLSTORY OF CONIFEROUS
WOODLANDS IN THE LUCL.RNE VALLEY REGION,

MOHAVE DESERT, CALIFORNIA

Thomas Jackson King, Jr.^

Abstr.\ct.— The composition of four radiocarbon-dated, late Pleistocene woodiat middens is re-

ported and analyzed. A date of 11.850 :+:*r50 BP records the first reported macrofossil occurrence in

this region of late Pleistocene Pinus monophylla-J uniperus osteosperma woodlands. A 7.800 ±350
BP date documents the most recent /. osteosperma woodlands in this presentl^• coniferless desert

area, while a date of 12,100 ±400 BP is the oldest record of juniper woodlands among the four
middens. Other juniper and creosote bush desert flora radiocarbon dates along with six pollen
profiles were obtained. The research suggests that as recently as 7.800 BP this part of the Mohave
Desert was subject to a coolei-. moister climate than at present, and that the aboriginal food re-

sources of pinyon seeds and juniper berries were probably available to early prehistoric man in this

area.

The research reported derives from an
investigation into the woodland paleoen-
vironnients of the Lucerne VaUey region,

San Bernardino County, California, in

the western Mohave Desert (Fig. 1). The

investigation utilizes radiocarbon-dated
plant macrofossils from indurated wood-
rat middens to document a particular

floral sequence at a specific location dur-

ing a specific radiocarbon time frame.

,^. LAKE MANLY

CALIFORNIA

MOHAVE DESERT

•\^;"c I. 50 km.

LARK(_V \
MTN. >S S

'^i^^<^,

^ ^ c3

-N
TURTLE !

MTNS. '

- Jo SS'-' U WHIPPLE

i" o <C>^ y '•' „ ,MTNS

^ / ARIZ.
(

Fig. 1. The Lucerne Valley study area, shown enlarged in P'igure 2. is depicted in relation to

late Pleistocene Searles, Manly, and Mohave lakes and the late Pleistocene Mohave and Owens
River courses. The higher elevations of the California Mohave Desert are shown in outline.

•Department of .\ichaeology. University of California at Los .\ngeles. Los Angeles, California 90U24. Present address:

3522^ Douglass .\venue. Riverside, California 92507.
-Sunset Cove sample #1 and Lucerne Valley samples #2, 3, 4, 6, 12, and 15 were radiocarbon dated using miscellaneous

twigs since no juniper was present and no single plant species provided enough mass for a single species C" dale.
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The primary aims of this research are

(1) to document woodland changes
through time in the western Mohave Des-
ert, (2) to utilize this data in suggesting

climatic inferences for this region over

the last 12, ()()() years, and (3) to evaluate

the aboriginal subsistence strategy im-
plications of the accumulated paleobotan-

ical data.

Lucerne Valley and the surrounding
Granite and Ord mountains lie in the in-

tense winter precipitation rainshadow of

the San Bernardino Mountains (Figs. 1,

2) (Wells and Berger 1967:1644-45).

Present average annual precipitation on
the valley floor is ca 12.5-15 cm and about
20 cm at higher elevations of the Granite
and Ord mountains (Troxell and Hof-

mann 1954:14-15; Johnson, Vasek, and
Yonkers 1974:8/4). Recently, snowfalls

in the San Bernardino, Granite, and Ord
mountains during the winter of 1973-74

})roduced runoff which resulted in a ca

45 cm ephemeral lake stand at Rabbit Dry
Lake and a 15-30 cm lake stand at Lu-
cerne Dry Lake, two playas with no outlet

which serve as collecting sinks (Thom])son
1929) (Fig. 2). The terrain of the area is

one of deeply weathered quartz monzonite
mountains surrounding an alluvium-filled

basin (Thompson 1929: 616). Lucerne
Valley is the northern end of" a northwest
to southeast trending trough.

The dominant vegetation of the area is

Larrca divaricnta (creosote bush) with
stands of Yucca hrevifolia (Joshua tree)

and Y. schidigera from the ^alley floor at

914 meters to above 1372 m (Thompson
1929:610; Vasek, Johnson, and Brum
1974:4/4) (lable 1). Other common
species are Ambrosia dumosa (white bur-

sage), Atriplex confertifolia (shad scale),
Eriogonurn fasciculatum (woody buck-
wheat). Ephedra californica (Mormon
tea), Stipa speciosa^ Salazaria mexicana
(bladder sage), and Opuntia hasilaris

(boavertail cactus) (Thom])son 1929:47-

51). Scattered stands of Acacia grcggii

(catclaw acacia) occur in upland washes,
while Prosopsis juliflora glandulosa (mes-
quite) and some marsh grasses are oc-

casionally found near the sparse springs

V\H. 1. t'ouf uoodiat middens sludicd l)y l.lii' iiiilliiii- and oiic l)\ Wells <nid liei>;ei- iHHi?). #1,

fire depic t(!(l in rolalion lo llic sniioiinding (iianit(>, Otd. iuid San lioiiiardino mount. lins. Tlie playa

edges of lial)l)il and l,n(eine Div lai\es are shown. 'I'vvo vepetation ai(Ni transects condmted l),v Vas-

ek, Johnson, and 15rnni (I'triO are sliown as a (l()^() ni ) and /; (SS-5 ni)-
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Plants

Sunset
Cove

972 m.

5,880*
250

#1

Lucerne
Peak

1,097 m.

5,800+
250

Ord
Mountain
1,219 m.

11,850*
550
#1

Lucerne
Valley
1,006 n.

3.650*
210

12

.^750

+205
3690
+210

Past Now Past Now Past Now Past Now Past Past

4300
+240
~#6

Past

11,100
+420
#10
Past

8300
+780
mi
Past

7820
+ 570
#12
Past

12,100 7800
+400 +350
#13 «14
Past Past

1610
+150
#15
Past

<'tiperu8 osteosperma ** ^^ ^^^

.lus monophylta -M-+

AJaaia greggii +^
Allionia sp. , ^

Ambtvsia dumosa * + »,»,.
Ansin^y-a sp. ++++++*++ **
A. tessellata ? + + + ++ +
Aplaceae ^
Asteraceae
Astragalus layneae

, , , ^ , ,
Atriplex aonfertifolia .' + *
A. patula hastata ? +
Boraginaceae 4.

Brickellia sp.
, , ,

B. arguta .^
B, desertorun + *

6. incana ? *

B, oblovgifolia lini. ?
, , ,

Bronus rubens + +
Chenopodiwn californiaien ? +
Chlorogalien sp. ? ++
Chrysothannus sp.(NVK) ++
C. teretifolius + * * *

Cirsiitn sp.

C. mohavense + ^_^
Conpositae +
Cryptantha sp. ^
Castilleja sp. j_j.

Oaie" sp. 4+ ^H- + +++ ^

D. mollis ? ^, _^_^_^

*

Altera sp.

Encelia frutesaens +++
£. virginensis 4^ ^^ ^^^ ^^^

£^Aedra sp. +++**** -H-+ * +-H- **++ ^-f+ +++ ** + +^ 4_„.
Eriogonum sp. j.

^^
£. inflatum (NVK) +

*

£. fasciculatwn + * +
£. triahopes + +
Equisetum sp. ?

Erodiwn texarujri +
Eschscholzia mirrutiflora -^+
Ferocactus aicanthodes +

, , ,

OiSierrezia micoceptxila +
Haplopappus cooperii **
#. euneatus *
Hilaria sp. +
Hynenoclea salsola *
Ip<7noi.sis sp. +
Isoneris sp.
/ua axillaris *

"*"

[xtrrea divaricata +-H- ** ++ * ** ** ^jt ^^ ^^ ^^
Leguninosae (NVK) +
Lessingia sp. ? +
Lepidium fraiontii +
l/Triatium sp, +
£. mohavense +
L. dasycarpum tomentoewn
iMpims sp. +
Lyoiujn cooperii ?

Lygoaesnia sp. *
Hachaeranthea tortifolia * ^
Halvastrum exile (NVK)

.j_^

«. rotundifoliun, (NVK) * * ^_^
"*"

Opur.tia sp. +++ + ++ +++
I I I

* * * 4. J. ^i_^
0. basilaris ++
0. bigelovii ? + + + +
?. c.Jcidcr.talCe ? +
0. ranosissTftCL ,

Oryzopsis hifnenoides (NVK) ^
Penst0T\on centranthifolius .

Phacelia sp. (NVK) + + 4_n.
P. campanularia +
Phoradendron californiam +
Physalis crassifolia +
Plagiobothrys cusickii ?(NVK) ^
Purshia glandulosa ** ^^
^osaeae ++ +++ ^.+^.

5aZa2aria merz^^a^ia +++ * * *
Salvia ssp, carnosa ? .

Table 1. Present and past vegetation of the four midden sites is shown. The relative frequency of
a plants occurrence (as seed, achene, leaf, twig, fruit, etc.) in a sample is indicated by the following
signs:^rare (1-2 pieces), +; uncommon (3-5), ++; common (6-15), + + + ; very common (16-

V - abundant (26-|-). *. Ancient plant species are identified under Past while present plants
gatliered from 30 m radially around each midden site are identified under Now. Midden names,
elevations m meters, C^' dates, and sample numbers are given at the top of the table. Where a plant
IS listed ?. the genera choice is usually definite while the species choice is uncertain.
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Table 1 (continued)
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S. aolumbariae
S. mohavensis
Scrophularia aalifornica
Solinaceae
Sparganiitm sp, ?

Sphaeralcea sp,

S. cmbigfa
Stipa sp.

S. speciosa
Tkannowta montana
Thysanocarpus sp,

T. curvipes
yucca sp.

y. brevifolia ?

y. achidigera ?

y. whipplei

+ +++

and wells of the area (H. Johnson pers.

comm. 1974). Table 2 lists recorded vege-

tation along two short transects in the
study area as surveyed by Vasek, John-
son, and Brum (1974:4/28-29) (Fig. 2).

WOODRATS AND MiDDENS

Woodrat midden analysis provides
paleoenvironmental data through identifi-

cation of the plant macrofossils preserved
in the indurated, uriniferous middens.
This technique has been applied to the
California Mohave Desert by Wells and
Berger (1967), Mehringer and Ferguson
(1969), and Martin (1969). The desert

woodrat, Neotoma lepida Thomas, occurs
in the study area (Finley 1958:319; Gold-
man 1910:61). It commonly collects most
of the plant species growing within a few
hundred meters of its den, although juni-

per and sagebrush are frequently pre-

ferred food resources (Finley 1958:541;
Stones and Hayward 1968:474; Cameron
1971:288). Finley (1958:334), in dis-

cussing Colorado woodrat ecology, has cau-
tioned, "An individual woodrat sometimes
forages over two or more very different

plant communities or types of topography.
Frequently the dens are in ecotones."
More recently Cameron and Rainey
(1972:256) found that Neotoma lepida
preferred dwelling sites or dens were
crevices and caverns in rock outcrops in

the pinyon-juniper and Joshua tree wood-
land areas of the Joshua Tree National
Monument, located 75 kms southeast of

the study area.

Within the den are an outer mound
co2nj)osed of loosely j)acked sticks, stones,

cactus spines, animal bones and dung, and
an inner living space or nest of soft, fi

brous plant materials built up bc^hind llic

mound rintdev 1958:517). Van l)(>\(>ud('i-

and King (1971:240) have suggested that

a fossil midden represents perch areas of

the den where urine and fecal pellet depo-

sition has cemented the accumulated plant

materials into a hard, dense mass. Des-
iccation by hot, dry desert air apparently
causes this hardening of the midden
through quick release of volatile uric frac-

tions as vapor. The whole midden deposit

is often composed of several tunnels, levels

or shelfs, nests, and food caches which,

upon collapse or compaction, complicate

any depositional stratigraphv (Van De-
vender 1973:8). Wells and Berger (1967:

1640) suggest that most such deposits rep-

resent an accumulation of short duration.

Neotoma middens are found throughout
the semiarid and arid regions of North

Table 2. Vegetation reroided in two transects

by Vasek, Johnson and Brum (1974).

Transect a, 1036 ni*

iMrrcn divaricata* *

Ambrosia dumosa
Hymenoclca salsola

Opuntin ramosissima
Yucca schidigcra

Transect b, 883 m***

iMrrca divaricata**

Ambrosia dumosa
Acamplopappus sphacroccphalus
A triplex poiycarpa
F.p/icdra califarnica
Eriogonum fasciculalum
R. inflatum
Ilitaria rii^ida

Krameria part ifalia

f.ycium andersonii
Step/ianomeria pauciflora
Salazaria mexicana

*Sanip]n camo from sloping wash area near
East Old Moimtaiii.

**L. diraricala was the most ahiiiid.mt s|ieiies in

eacii transect.
** 'Sample (ame Iroin flats iieai- Lucerne Dry

I -ake pla\a.
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America (Wells and Berger 1967: 1640:

Van Devender and King 1971:240).
Previous paloobotanical data for the Lu-

cerne Valley area consist of one woodrat
midden near Negro Butte (1070 m) con-

taining abundant Juniperus osteospcrma.

This was bulk dated, and thus ma^ be too

young, at 9,140 ± 140BP by Wells and
Berger (1967:1641-1642). They interpret

this midden and others as indicating the

presence of xerojihilous juniper woodlands
ill the Mohave Desert down to 1067 m as

recently as 9,000 BP and as suggesting

a climate slightly more mesic than that

presently existing in the midden area

(Fig. 2)'.

Methods

Archaeological field excavation tech-

nicjues were used in the excavation and
extraction of radiocarbon and pollen

samples. Plant macrofossils were recovered

by soaking the sample in distilled water
and straining through a 1.5 mm mesh
hand stainer. After drying, juniper seeds

and twigs or miscellaneous twigs were
chosen for C^' dating. At least two boiling

distilled water and boiling 2N HCl w-ashes

were applied to remove accumulated
woodrat urine and foreign matter before

sample combustion. The University of

California at Ri\erside Radiocarbon Lab-
oratory under the direction of Dr. R. E.

Taylor provided all C" dates.

The juniper macrofossils were identi-

fied by F. C. Vasek of the University of

California at Riverside, Department of

Biology, and the pinvon identification was
provided by O. F. ' Clarke of the UCR

I

Herbariimi. Other plant identifications

j

were provided or confirmed by 0. F.

I Clarke and N. Van Kleech (nvk) of the

I California Department of Agriculture.

I The botanical nomenclature follows Munz
j

(1974).

' Results

All four woodrat middens are locatefl in

j

areas of granitic outcroppings in vvell-})ro-

' tected crevices or overhangs.

Sunset Cove

The north-facing Sunset Co\e midden
(972 m) was a physically large deposit.

Sample *1 contained abundant Ephedra
sp. (stems, seeds) and some Larrea divar-
icata (seeds, leaves, stems). In general.

it reflects the jiresent day plant species

fouiul near the midden (Table 1 ). Miscel-

laneous twigs- and an Opunlia hasilaris

pad jirovided a radiocarbon date of 5,880
±250 BP (UCR-134).

Lucerne Peak

riic east-facing Lucerne Peak midden
I 1097 m) sample *1 contained abundant
hlphedra (seeds), some Encclia friitescens

(seeds), and Eschscholzia nunutiflora
(seeds). It held little Larrea divaricala

(seeds, branch?) in contrast to the pres-

ent abundance of the species near the mid-
den (Table 1). A single branch (L. divar-

icata?) gave a radiocarbon date of 5,800
±250 BP (UCR-135).

Ord Mountain

The north-facing Ord Mountain midden
(1219 m) sample #1 contained abundant
remains of Juniperus osteosperma (seeds,

twigs, wood) and Purshia glandulosa
(seeds), while relatively fewer remains
of Pinus tiionophyUa (scales) were found
(Table 1 ). Juuiper seeds from the midden
^•ielded a radiocarbon date of 11,850 ±550
BP fUCR- 149).

Lucerne Valley

The south-facing Lucerne Valley mid-
den (1006 m) was the most structurally

complex of the middens (Fig. 3). Initial

sampling of its exterior face (Level D,
sample #15) revealed creosote bush des-

ert plants and an apparenth' intrusiAe /.

osteosperma twig. Trenching of the mid-
den revealed at least three juniper-bearing

layers in apparent stratigraphic superpo-
sition. Excavation and sampling for C^*

dating of the interior and exterior layers

was conducted in order to determine their

teiTiporal sequence.

Level A, sample *13, from the deeper
juniper bearing layer, provided a 12,100
±400 BP date (UCR-181) on jumper
seeds and leafA' twigs (Fig. 3). This is

followed bv Level B, ^10, with an 11.100
±420 BP" date (UCR-187) on juniper

seeds. Level C follows tem{)orally with an
8,300 ±780 BP (UCR- 186) date (#11)
on juniper seeds and twigs with some
gaseous fill; a 7,800 ±350 BP (UCR-249)
date f^l4) on juniper seeds, twigs, and
wood; and a 7,820 ±570 BP rUCR-185)
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LUCERNE VALLEY MIDDEN

-N-

^GRANITE A-G: MIDDEN LEVELS

HIaIRSPACE 1-20:MIDDEN SAMPLES

QmIDDEN DATES are B.P

o SAMPLE

1 METER

Fig. 3. The Lucerne Valley midden (1,006 m
with their associated radiocarbon dates; the err
text. All apparent strata were labeled as level

while levels D-G reflect essentially a creosote bu
through a horizontal opening next to the east a
center of the midden and proceeded inward fro
an overhead view, while the trench faces are sho
trench face corresponds to the west side of the ov
face corresponds to the east side of the overhea

date (*12) on miscellaneous twigs with
some gaseous fill. The juniperless sample
*12 from Level C is interpreted as being
from a nest area of chaff and twigs with-
in the overall juniper layer C.

The exterior Levels D through G of the
midden do not apjx'ar to jcllocl. th(> initial

assumption of superposition of levels. Lev-
el G, #fi, yielded a 4,300 ' 210 BP (UCR-
23Q) date on miscellaneous Lwigs, whil(>

Level D, #4, produced a 3,()9() '210 BP
(UCR-237j date on miscellaneous twigs.

Additional com})lications are expressed by
two Level F dales; sample #3 yielded a

3,750 '^O^ BP (UCR-23r)) date on mis-
cellaneous twigs, while sample #2 pro-

vided a 3,650 ±210 BP (UCR-235) date

) strata and radiocarbon sample sites are shown
or factors and laboratory numbers are given in the

s AG. Levels A-C are juniper-bearing strata,

sh desert flora. Entrance to the rockshelter was
nd west faces. Excavation was focused upon the

m levels G-D to level A. The trench is shown in

wu it! an expanded horizontal format. The west
erhead trench view (dotted), while the east trench

d trench view. Sa'm{)le #3 should read 3,750 BP.

on miscellaneotis twigs. Sample *15, Level

D, yielded a 1,610 ±150 BP (UCR-f33)
date on miscellaneous twigs and is re-

garded as an intrusive deposition of more
recent material emplaced through re-

working of the exterior face. Radiocarbon
dating of samples ^1 (G), *5 (G), #7
(F), #8 (G), and *9 (D) is in process

(Fig. 3).

At present, it is assiuned that the non-
secpiential dates of exterior Levels D
through G of the midilen are due to (1)
redeposition and rcnvorking of the ex-

terior deposit, (2) an en<iti( or random
level deposition and or (3) sh(>lving away
of the lower rock face thus opening up
spac(^ snccessivtdy uiuhM" L(>\(>ls G. F, E,
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and D. It is also possible that in extracting

niiscellaneons twig samples -2 throngh
*6 (Levels D-G) a veneer of recent or

older material was imintentionally in-

cluded. Such a disturbing factor is also

possible for the juniper samples but un-
likely in view of the rigorous selection and
hand cleaning of the C^' samples. With
these problems in mind, sample #14, Lev-
el C, was extracted as a check upon the

sample #11 partial fill date of 8.300 BP
for juni})er and ser\ ed to confirm tlie va-

lidity of this date. Table 3 sunnnarizes
the above radiocarbon dates.

Pollen

Pollen samples from the sites of Sunset
Cove *1. Lucerne Peak ^1, Ord Mountain
*1, and Lucerne Valley samples *4, *11,
and *13 were processed by P. J. Meh-
ringer of Washington State University,

Pullman, Washington (Fig. 4). All sam-
[)les contained windblown Pinus. Juni-

pcriis and Quercus pollen, but Compositae
is dominant in all samples (P. J. Meh-
ringer pers. connn. 1975). Several trends

in relative pollen percentages can be dis-

cerned. Pinus and Quercus pollen both hit

the highest levels from 12,100 to 11,850
BP. with low levels from 8,300 to 5,800
BP. .luniper pollen starts at a high level

at 12,100 and generally decreases there-

after. Sarcobatus or greasewood pollen oc-

curs only among the three juniper macro-
fossil samples from 12,100 to 8,300 BP
while Artemisia, or sagebrush, pollen also

hits high levels among the early juniper

samples. Low Artemisia counts are re-

corded in more recent samples. Arid-type
low-spine windblown Comjiositae gener-

allv increase through time while high-
s[)iii(> Comi)ositae is low among early
sam|)l(^s and high among recent samples.
Pinus, Juniperus. Quercus. and Sarcoba-
tus ar(> not presently recorded in the stud^
area.

Discussion

'V\w rarity of conifer woodlands in the
(xranite and Ord mountains complicates an
(valuation of the magnitude of vegetation
change to be inferred from the middens
(Weils and Berger 1967:1641). The only
apparent modern remnaiit of juniper
woodlands is a relict /. californica tree

(ca 1() cm in diameter) at 1219 m in the
rrranite INTountains. This tree is asso-

( iated with Yucca l)rerifoIia and Larrea
divaricata.

However, Vasek (1966:363) has studied

the distributions of J. nccidentalis ssp.

australis. J. osteospernia and ./. californica

in the adjacent San Bernardino Moun-
tains. He has suggested an altitudinal

range of 2042 to 2743 m plus for /. occi-

dentalis and Pinus Jeffreyi, a range of

1372 to 2074 m for ./. osteosperma and
P. monophyUa, and a range down to ca

91 ! meters among the desert margin
crub for /. californica and L. divaricata.

The Merriam Effect, or inverse relation

between mountain mass and elevation of

\egetation. has been largely discounted
by Wells and Berger (1967: 1644-45), who
view local orographic factors and relative

latitude as determinant climalic-vegeta-

tional factors in the Mohave Desert, ifow-

ever, T. B. Van Devender and G. Spauld-
ing (pers. comm. 1975) feel that some
degree of Merriam Effect was in effect in

Table 3. Radiorat-bon dates froni tlio I.ticcrne Valley region (tiee-riiig falil)iatioii of tlie dates has

not been applied).
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montane woodland may have been pres-

ent near the peak similar to Mehringer
and Ferguson's docimientation of late

Pleistocene montane woodlands at Clark
Mountain (Fig. 1).

The Sunset Cove midden of 5,880 BP
and the Lucerne Peak midden sample of

5,800 BP, containing creosote bush desert

flora (Table 1), indicate coniferous wood-
lands in the area had retreated upward
past 1097 m by ca 5,800 BP; whether
juniper woodlands svirvived at higher ele-

vations in the study area during or after

this period is uncertain. However, /. cali-

fornica may ha\e persisted at or above
ca 1219 m until recent times if it is as-

sumed the relict juniper tree earlier men-
tioned is the last survivor of an earlier

juniper presence. This species could also

be a recent invader unrelated to middle
Holocene conifer fluctuations. Whatever
the case, it is suggested that upward re-

cession of J. osteosperma continued after

7,800 and 5,800 BP, perhaps until recent

times. This view is supported by La-
Marche's (1973:632,655) documentation
of upward bristlecone pine {P. longaeva)
treeline advances during the Altithermal
in the White Mountains north of Searles

Lake. Lastly, the Sunset Cove and Lu-
cerne Peak midden data partially support
Antevs's (1952:26) concept of a hot, dry
Altithermal from ca 7,500 to 4,000 BP
for elevations below 1097 m in the study
area.

Lucerne Valley samples #2 through #6
and -15 document essentially a creosote

bush desert flora, suggesting warm, dry
climatic conditions, from ca 4,300 to 1,610
BP at and below 1006 m in the study area
(Table 1). However, an exact replica of

present-day plant species is not presented
by these samples, and slightly less arid

conditions may be suggested for the mid-
den area at this time by the presence of

more mesic plant sj)ecies such as Oryzopsis
hymenoidcs. LaMarche's (1973:632) data
actually argues for cooler and wetter con-
ditions for ca 3,500 to 2,500 BP in the
northern Mohave Desert.

The pollen data generally document a

shift from relatively high arboreal pollen

counts during 12.100 to 11.850 BP to low
counts during 8,300 to 5.800 BP. After
5,800 BP arboreal pollen increases. Great
Basin sagebrush, or Artemisia, also shows
high levels from 12,100 to 8,300 BP. In

general, the pollen record parallels the
macrofossil record in recording a shift

from a xerophilous arboreal vegetation
community to a classic Mohave Desert
vegetation community. The relative resur-

gence of Pinus and Quercus after 5,800 BP
may, however, reflect the onset of a less

arid climate in the study area. Since all

the arboreal |)ollen discussed is the wind-
dispersed type, it is uncertain whether
the pollen record after 5,800 BP doc-

uments a local or regional presence of

pinyon, juniper and oak. The dominance
of arid-type Compositae in all samples
suggests that a xerophilous vegetation

community was present for most of the
last 12,000 years in the study area.

Summary and Conclusions

Four woodrat middens were excavated
and radiocarbon dated in an effort to de-

tect late Pleistocene records of juniper
or pinyon-juniper woodlands in the west-

ern Mohave Desert of California. A radio-

carbon date of 11,850 ±550 BP was ob-

tained for pinvon and juniper at 1219 m.
Dates of 12,100 ±400 BP, 11,100 ±420
BP, 8,300 ±780 BP and 7,800 ±350 BP
were obtained for juniper alone at 1006 m;
a 7,820 ±570 BP date without juniper
is associated with this conifer sequence.

Dates of 5,880 ±250 BP, 5,800 ±250 BP,
4,300 ±240 BP, 3,690 ±210 BP, 3,650
±210 BP, 3,750 ±240 BP and 1,610 ±150
BP were obtained on miscellaneous twigs

at elevations of 972, 1097 and 1006 m
(Fig. 3, Table 3). A 365 m depression for

7. osteosperma woodland between 12,100
and 7,800 BP is suggested for the study
area.

It is concluded that extensive stands

of P. monophyUa-J . osteosperma wood-
lands existed in the western California

Mohave Desert, in areas of presently in-

tense rainshadows, as recently as ca

1 1 .850 BP. Xerophilous 7. osteosperma
woodlands apparently persisted as late as

7.800 BP; 7. californica woodlands may
have [)ersisted at higher elevations until

recent times. Comparison of the Ord
Mountain paleobotanical record with that

for pinyon-juniper woodlands in the Tur-
tle Mountains (Wells and Berger 1967:

1644) and for juniper woodlands in the

Rampart Cave, Arizona, area (Phillips

and Van Devender 1974:118; unpublished
dates) suggests that both the eastern and
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western regions of the Mohave Desert ma}'

have shared similar climatic aspects from
ca 19,500 to 8,500-9,000 BP.
The lacustral data of Smith (1968),

Ore and Warren (1971), and Hooke
(1972) suggest that high winter precipi-

tation is the probable cause of late Pleis-

tocene lake stands at Searles Lake, Lake
Mohave, and Lake Manly (Gale 1914:

256, 320; Mehringerms.:4) (Fig. 1). This

higher wdnter precipitation probably per-

sisted as late as ca 10,500 BP for the upper
Owens River drainage system and to ca

7,500 BP for the Mohave River source

area in the San Bernardino Mountains
(Smith 1968:298-299; Ore and Warren
1971:2561-62; Hooke 1972:2073; Antevs
1952:24; Thompson 1929:565). Thus the

presence of pinyon-juniper and juniper in

Lucerne Valley from ca 12,100 to 7,800
BP, at the same time as high winter pre-

cipitation was probably occurring to the

north and to the southwest of the study
area, suggests the study area was subject

to a cooler, moister climate than that now
in existence. A shift toward a warm, moist
regime may have begun toward the end
of this period. However, the presence of

essentially creosote bush desert flora be-

low 1097 m from ca 5,800 to 1,610 (and
present) in Lucerne Valley suggests that

a strong shift in precipitation, climate,

and vegetation occurred between 7,800

and 5,800 BP, and may have continued
through to recent times. Table 4 summa-
rizes these inferences.

Lastly, the ethnographic studies of

Steward (1933:241; 1938:20, 80), Strong
(1929:38), Barrows (1900:61-63), and
Bean and Saubel (1972:19-21) have docu-
mented the im[)ortance of pine seed and
juniper berry gathering among late ])re-

historic and historic aboriginal popula-
tions of the Great Basin and vSouthern

(>alifornia. The radiocarbon documenta-
tion of such resources for presently conif-

erless areas of the Mohave Desert suggests

the possibility that native Americans may
have utilized subsistence and resource ex-

ploitation strategies fo{ using upon juniper

berry and pinyon seed gathering and pro-

cessing long before the onset of the south-

ern Galifornia Milling vStone Horizon at

ca 7,000 BP (Wallace 1955:219-221; Hei-
zer 1964: 123). An indication of this po-

tential trend is .Teimings' (1957:209, 212;
1964:154, 156) finding of milling stones

used in pic klewccd proc essing at a ca 9,000

Table 4. Suggested vegetational and climatic

change in Lucerne Valley region over the last

12.000 years.

Time-YBP
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A TAXONOMIC EVALUATION OF KLYMIJS SIMPLEX (POACEAE)

Stephan L. Hatch'

Abstr.\ct.— An investigation was made of Elyrnus simplex to evaluate the current taxonomy and
cytology. The study included herharium specimens from Wyoming and Colorado and population

samples from the type location in Wyoming. Tiie most important taxonomic characters noted are:

numbers of spikelefs per node, lemma awn length, and habitat. The chromosome number of E.

simplex is reported as 2/z^28. E. simplex is a distinct species and should not be confused with E.

salinn. from which it differs morphologically.

The grass Elyuius simplex Scrib. iuid

Williams (1898) is a little-known species

of Wyoming and Colorado. The type col-

lection is from the (ireen River area of

southwestern Wyoming.
The taxonomic concept of this species

was confused by its description in Hitch-
cock's Manual (1935), which in the

present interpretation, apj)ears to have
been based on specimens of both E. sim-

plex and E. salina .Tones. The original de-

scription by Scribner and Williams
(1898) and those of Hitchcock (1935)
and Chase (1951) do not refer to the same
species. The long-term result has been
many incorrectly identified specimens.

Hitchcock (1934, 1935) did not recog-

nize E. simplex as a distinct species from
E. triticoides Buckl. and formally treated

it as E. triticoides Buckl. var. simplex
(Scribn. and Williams) Hitchcock. In his

revision, Chase (1951) reinstated E. sim-
plex as a species keying out next to E.

triticoides and E. pacificus Gould, on the
basis of awn length.

The present investigation is concerned
with the taxonomic status of E. simplex,
with special consideration of the morpho-
logical and cytological characteristics of

seven populations occurring along a 20-

mile section of the Green River in Sweet-
water County, Wyoming. The cytological

materials were fixed in Newcomer's So-
lution (Newcomer 1953). After 24 hours
the materials were removed and stored
in 70 j)ercent alcohol. Pollen mother cells

were prepared for observation using a

standard acetocarmine smear technique.

Cytology.— The chromosome record
of 2« = 28 (Fig. 1) is the first for the spe-
cies. One chromosome association, that of

14 bivalents, was found in the 213 pollen
mother cells interpreted. Meiotic pairing

'Teclinical Article T.\- 12474, Texas Agricultural Experiment Station. Department of Range ScieiK
University, College Station. Texas 77843.

was excellent with a few irregularities.

The pollen grain stainability was 96 per-

cent when stained with potassium-iodide

solution, indicating a high degree of pollen

fertility.

Morphology and taxonomy.— The
following description of E. simplex was
made using 122 specimens of this species.

The measurements were taken from speci-

mens from seven populations and bor-

rowed herbarium specimens.

Elymus simplex is an erect perennial

grass, 2-5 dm in height, from strong creep-

ing rhizomes; culms with stiff, flat pun-
gently pointed leaves, culms branched at

the base growing in scattered tufts; lower

^^^
Fig. 1. Meiotic chromosomes of E. simplex

PMC at metaphase 1. showing a cell with 14
bivalents. 2n=28, (ca 1600 x).

Toxas A & M
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sheaths crowded, glabrous, exceeding the

internodes; ligule 0.5 mm long; auricles

small, weakly clasping; leaf blades 5-20

cm long, 3-5 mm wide, often inrolled,

lower surface smooth, upper surface sca-

brous; inflorescence a spike, 5-11 cm in

length, axis scabrous and strongly flat-

tened; spikelets 1.5 cm in length, usually

paired, sessile to shortly pedicellate,

crowded, 5-7 flowered; glumes 5-8 mm
long, rigid, subulate, asymmetrical, slight-

ly vmequal, glabrous and rounded on the

back; lemmas 5-8 mm long, glabrous

rounded back, ciliate hyaline margin, ex-

tending into a rigid awn 3-14 mm long;

paleas 5-7 mm long, deeply sulcate toward
the base, bifid apex, scabrous on back;

anthers 3.5 mm, with a short filament;

caryopsis 5 mm long, sparsely produced;
cross pollinating. Chromosome number
2n=28.

E. simplex is distributed throughout
southern Wyoming and sj^aringly iii cen-

tral Colorado on the riverbanks. The cen-

ter of distribution appears to be in Sweet-
water County, Wyoming, along the banks
of the Green River north of Green River,

Wyoming.
This species requires a high amount

of sunlight, an open habitat, and alkaline

or sandy soil. It occurs in open sites and
possesses many long rhizomes that could
serve as an excellent soil binder for ex-

posed road cuts.

Type specimen: Williams 2334 not ex-

amined.

IsoTYPE: Williams 2366 was examined.

Representative s[)ecimens:

COLORADO: Rl Paso Co. Silueus 1997 (taes),

Lake Co. Gooding i96f (us). Summit Co. Shear
1064 (us). WYOMING: Albany Co. WilliafNs

2243 (us). Williams 2261 (us), Nelson
261 (us). Crook Co. Williams 2589 (us), Lara-
mie Co. Nelson 3335 (us). Sweetwater Co.

Williams 2332 (us), Merrill 36 (us). Merrill
74 (us), Nelson 3892 (us). Hatch 604 (taes).

Hatch 607 (taes), Rydberg 2042 (us). Nelson
4451 (us). Merrill 36 (rh), Vosler 165 (rh).

and Smith 1809 (rh).

Considerable confusion has resulted

from Hitchcock's (1935) statements that

E. simplex has rhizomes and only one
spikelet per node and that E. salina has
one spikelet per node and lacks rhizomes.

The isotype of E. simplex (Williams
2566, us) has inflorescence nodes with one
or two spikelets per node and rhizomes.

Examination of the holotype of E. salina

(Jones 5447, us) shows that this species

has short rhizomes and typically one
spikelet per node. When E. salina is pulled

from the ground, the weak short rhizomes
often are lost and the resulting specimen
is without rhizomes. Such specimens of

E. salina were thought to be typical, and
carefully collected specimens were re-

ferred to E. simplex.

Plants of E. simplex differ from E. sa-

lina, E. triticoides, and E. pacificus in

lemma awn length, plant height, typical

number of spikelets per node, rhizome
length, habitat, and chromosome number
(Table 1). Typically, the lemmas of E.

simplex have awns 6 mm long. In con-

trast, E. salina, E. triticoides, and E. pacif-

icus have lemmaes that are usually awn-
less or with very short awns.

In conclusion, E. simplex is different

from E. salina, E. triticoides and E. pacif-

icus in a number of morphological and
cytological characteristics. Therefore this

taxon shovdd be retained as a separate,

distinct species.

Table 1. (x)mparison of Important Cliaracteristirs of K. simplex. E. salina, K. triticoides, and
E. pacificus.
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A TAXONOMIC AND ECOI.OGIC STUDY OF THE RIVERBOTTOM
FOREST ON ST. MARY RIVER, LEE CREEK, AND BELLY

RIVER IN SOUTHW^ESTERN ALBERTA, CANADA

Robert K. Shawi

Abstr.\ct.— The riverbottom forest community of St. Mary River. Lee Creek, and Belly River

in southvvestern Alberta. Canada, is a unique ecological entity characterized by poplar species hav-

ing their major Alberta distribution along these streams. Stands in the community are dominated
by three tree species, six shrub species, and nine herb species. Establishment of the community is

dependent on climate and substrate; destruction is the result of progressive lateral stream-flow

erosion. Soils are sandy loams above gravel, with pH values of 1.1 to 8.0 and soluble salt concen-
trations of 176 to 458 parts per million. Trees in mature stands averaged 23.0 cm in diameter
and 40 3'ears in age; ma.ximum tree age was 250 years. The vascular flora consists of 291 species

of whicb 41 are woody and 250 herbaceous. One species {Prunus nigra Ait.) new to Alberta and
range extensions for 12 species are cited. There are no true community endemic species. Recreational

and livestock-raising uses are present community modifiers. Fire is not important in current forest

dynamics.

The riverbottom forest community of

southwestern Alberta, Canada, is usually
less than 0.8 km in width and occurs on
only certain lengths of each stream. It has
been utilized for pasture and, to a minor
extent, for firewood and timber, leaving

much of the woodland free from excessive

disturbance. This study treats several as-

pects of the riverbottom forest community
including the vascular flora, community
stratification and composition, successional

patterns, seasonal aspect, climate, geog-

raphy, geology, and soils.

St. Mary River, Lee Creek, and Belly
River originate in alpine tundra (ele-

vation 2,000-3,200 m) on the Lewis Range
of the Rocky Mountains in Glacier Na-
tional Park, Montana (Fig. 1). From al-

pine tundra these streams flow northeast
into the Province of Alberta, Canada,
through montane forest and aspen park-
land into the treeless stretches of fescue

prairie (elevation 900-1,400 m) where,
along the stream courses, the poplar-domi-
nated riverbottom forest community be-

comes a unique ecological entity (Fig. 2).

St. Mar\' River drains about 3,440 km-,
Lee Creek about 290 km-, and Belly River

'Box 364, Cardston, Alberla, Canada.

about 1,235 km- of northwestern Montana
and southwestern Alberta.

Monthly water flow in all three streams
varies widely throughout the year. From
late July through autumn and winter the

flow is fairly constant, but during March
warmer weather causes snow melt in the

foothills and on the lower mountain slopes

to increase stream flow. The most rapid

melting of deep mountain snow occurs in

late May and early June. This coincides

with the season of highest precipitation

when stream flow is swollen to its max-
imum, which is four to five times the
winter flow rate. Stream flow generally
peaks rapidly in late May or earlj^ June
followed by a rapid decline throughout
July. Maximum flow in any year seldom
persists for more than 24 hours. Irrigation

water is in low demand at the high run-
off season, and the six small weirs and
diversions on the three streams exert little

control on downstream flooding. In spite

of these uses, near normal flow does pre-

vail in the three streams in all months
of the year except July, August, and
September.

Pollution of the waters varies. No in-

243
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Fig. 2. Site 4 on St. Mar\' River, a typical climax stand of riverbottom forest on the second

terrace. The background farmland is on the third terrace, and the foreground road crosses the

fourth terrace grassland.

(lustrial wastes reach these streams, al-

though municipal sewage and some agri-

cultural feedlot effluent cause local prob-

lems. Early snowmelt combined with per-

colation and leaching of water through
old vegetation and manure on the up-
lands causes discoloration and objec-

tionable odor in the water during March
and April of each year. High runoff
from rain and melting snow in late May
and early June produces a high particulate

content in the water at this time. For the

rest of the year stream water in St. Mary
River, Lee Creek, and Belly River tends
to be clear, clean, and free from con-

taminants.
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Geology .\nd Geogr.^phy

The headwaters of the three streams

originate on the Continental Divide over

geological formations of the Belt Series

in the Lewis Range of the Rocky Moun-
tains (Wyatt 1939). These strata, nearly

all of sedimentary origin, were formed
during the Proterozoic Era of 510,(300,000

years ago when much of western Alberta,

eastern British Columbia, Montana, and
Idaho were covered by a shallow^ sea.

These rocks, with a maxinnmi thickness

of more than 6,100 m, are in the form of

a large syncline, the east edge of which
forms the Lewis Range. The greatest thick-

nesses of limestone .show numerous fossils

of calcareous algae and primitive marine
[ilants.

The mountains themselves, of more re-

cent origin, are about 58.000,000 years

f)ld. Thev resulted when tremendous
cru'^tal forces, principally from the west,

w^ere directed against the geosyncline. The
Proterozoic rocks were uj)lifted and moved
some 80 km to the east where they were
warped into a great anticline, the Lewis
Overthrust, which overlies the younger
Cretaceous shales and sandstones of the

plains. It is because of the Lewis Over-
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thrust that there are no significant foot-

hills on the east side of the Lewis Range.
During Miocene and Pliocene time the

mountains were deeply eroded by streams.

Several thousand meters of Belt rocks

were removed during the course of valley

formation. Near the close of Pliocene time
the climate cooled, vegetation disappeared,

and mountain glaciers formed from the

snow and began to move down the stream-

caned valleys where they met the con-

tinental glaciers advancing from the

north.

The prairie section of St. Mary River,

Lee Creek, and Belly River flows through
and over a variety of consolidated and
unconsolidated deposits, from the trans-

ported Belt series rocks of Proterozoic

time to the more recent Cretaceous series.

The geological formations which occur at

the surface or immediately below the un-
consolidated deposits in the plains and
foothills zone of southwest Alberta are

Cretaceous and Tertiary in age. A large

area of southwestern Alberta prairie,

which includes the Porcupine Hills and
Willow Creek formations, is underlain by
formations of Tertiary age. Through
Cardston and southward to the interna-

tional boundary, the soft sandy shales

and sands have influenced the soils

where they occur near the present surface.

The St. Mary River nonmarine strata

underlie the Willow Creek formation of

early Tertiary age and represent the

uppermost Cretaceous strata in southwest
Alberta. This formation consists mainly of

highly calcareous light gray sandstones

and sandy shales. Irregular bedding and
crossbedding are common. Soils influenced

by these beds have a pronounced lime con-

tent. Freshwater oyster shells and coal

beds are common in this formation. Much
of the prairie section of the three study
streams cuts through the St. Mary River
formation.

The marine Bearpaw formation consists

mainly of dark gray clay shales and
sandy shales. A large area of Bearpaw
extends from Township 1 Range 21 north-

ward to Township H Ranges 22 and 23.

Much of the lower half of St. Mary River,

where there is no riverbottom forest, flows

through this formation. A narrow band
of Bearpaw shale extends from Cardston

south beyond Kimball, and from Kimball

upstream on St. Mary River to the mouth
of Coalmine Coulee.

Much of southwestern Alberta is ve-

neered with glacial deposits (Wyatt
1939). Glaciation was general over most
of the area. There is also widespread dis-

tribution of reworked glacial deposits as

well as alluvial and lacustrine deposits

transported by rivers and creeks. Retreat

of the glaciers is presumed to have oc-

curred for the last time about 9,000 years
ago (Dyson 1949).

Soils on the prairie section of south-

western Alberta are generally fertile. As-
pen parkland and some adjacent fescue

prairie are in the black soil zone and
east of this are the shallow black soils

which grade gradually into dark brown
soils of the mixed grass prairie and short-

grass plains. The dark brown and most
of the shallow black zones underlie tree-

less prairie. The soils along the river and
creek bottoms are of alluvial deposition

and some, still liable to frequent flood-

ing, are quite variable in texture and
utilization (Wyatt 1939).

Undoubtedly the Lewis Range of the

Rocky Mountains on the west side of the

area is the most prominent topographic

feature of the landscape. In this part of

Alberta the break from mountains to

plains is fairly rapid, there being no wide
range of foothills. The Porcupine Hills

(elevation 1,580 m) is a prominent topo-

graphic feature bordering Oldman River

on the north. East of St. Mary River the

land gradually rises to Milk River Ridge,

which has the appearance of a high

north-south plateau with a maximum ele-

vation of 1,433 m. Between these three

landmarks lies the area of study, which is

in the nature of a large plain of level to

rolling land ranging in elevation from 900

to 1,200 m.

Climate

Bounded on the west by the mountains
and foothills of the Rocky Mountains, the

whole of the three prairie provinces—Al-

berta, Saskatchewan, and Manitoba—con-

sists of vast plains deeply cut by river

valleys and gently sloping toward the east

and northeast. The western mountains

form a fairly effective barrier to the mar-

itime influence of the Pacific, and at the

same time the area is left exposed to the

inflow of cold Arctic air masses from the

north (Canada 1969).
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Summers are normally warm, but win-

ters are usually long and intensely cold.

Throughout southwestern Alberta mean
temperatures are below C from Novem-
ber through March. Winter cold across

the province increases from southwest to

northeast. Winter temperatures on the

prairies may vary widely from month to

month during a single winter, or from
vear to year, depending on the character

and path of air masses passing over the

region. In some winters, with a steady

flow of cold polar air, a cold spell may last

for several weeks. On the other hand, in

other winters the southerly flow of Arc-

tic air may be quite weak allowing air

of Pacific origin to move eastward at the

surface, thus bringing mild weather.

Winter temperatures in the lee of the

Rockies reflect the warming effect of the

"chinook" wdnd which occurs from the

Northwest Territories to the United States

but is most pronounced in southern Al-

berta with effects noticeable as far east as

Regina, Saskatchewan. Characteristically,

the chinook occurs as a westerly or south-

westerly wind and is brought about by
the subsidence east of the western moun-
tain ranges of maritime Polar air from the

Pacific. This air is cooled adiabatically

at the saturated lapse-rate in its ascent

over the mountains. In its descent to the

plains, however, it is warmed again adia-

batically at the dry lapse-rate which is

twice the cooling rate during the ascent.

Consequently, this air reaches the foothills

at a much higher temperature than it had
at a corresponding level on the western
slopes. The chinook is most striking when
it occurs following a cold wave that has
been accompanied by snow. The sky
clears abruptly and temperatures may rise

as much as 30 C in 24 hours. The bright

sunshine and above-freezing temperatures
cause the snow to melt rapidly and some
plants may be stimulated to begin growth
prematurely with subsequent deleterious

effects.

Temperatures rise rapidly from winter
to summer and decline with equal rapidity
from summer to winter. The transition

periods are usually confined to April and
October. Monthly mean temperatures in

southwestern Alberta are above 10 C for

the five months May to September. Ex-
treme maximum temperatures have ex-

ceeded 38 C over most of the prairies.

Temperatures may fall to C or lower
in every month of the year in less favored

locations in the southern prairies.

The average frost-free period in south-

ern Alberta ranges from 80 to 120 days,

which is critically close to the minimum
required for cultivated grain crops to reach

maturitv. The growing season to which
the native flora has adapted is 85 days at

Mountain View, 100 days at Cardston,

110 days at Lethbridge, and 120 days at

Medicine Hat, the progressive lengthen-

ing occurring with increasing distance

from the mountains and with decreasing

altitude (Longley 1968).

The prairie provinces are fortunate in

receiving a high average of sunshine for

the latitude; the annual total ranges from
2,000 to 2,350 hours in the prairies. July
is the sunniest month with total exceeding
300 hours at most stations in southern

Alberta. December is the dullest month
of the year with all stations showing total

less than 100 hours. There is a noticeable

tendency for the sky to be either cloudless

or completely overcast on the prairie

(Canada 1969).

Lying in the center of the continent

and shielded from the Pacific by the west-

ern mountain ranges, the Canadian prai-

ries lack available sources for abundant
precipitation. The region is favored,

however, by the fact that cyclonic activity

is fairly vigorous and the hot summers are

conducive to convection. The heaviest pre-

cipitation results from the lifting of ex-

tensive masses of moist air moving north-

ward from the Gulf of Mexico and ad-

joining regions. Droughts are usually as-

sociated with abnormally low pressure

in the Northwest Territories, which pro-

duces only a weak southward flow of cold

air.

In marked contrast to the Pacific Coast
with its winter maximum, the prairies

have a rainy season from late May to

early October, although no season is with-
out some precipitation. The light precip-

itation is somewhat mitigated bv the fact

that 60 to 75 percent of the year's pre-

cipitation ('45.8 cm at Cardston) falls

during the growing season when it can be
utilized by plants.

Precipitation shows wide variations

from year to year, with differences be-

tween the extreme annual amounts ex-

ceeding the mean annual total in most
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areas. Monthly precipitation totals are

more often in deficit than in excess. June
and July are most likely to have high
rainfall totals.

Winter snowfall is com])aratively light

with amounts ranging from 76 to 127 cm
over the central j)rairies. This amount in-

creases to 180 cm in the foothills of the
Rockies and at least twice that amount
in the highest ranges. Snow may fall in

any month except July and August, al-

though measurable snow is unusual in

June. The first snow cover usually ap-

pears in late October and snow disappears
in early April. A combination of heavy
snowfall and wind causes drift buildup
in coulees and along the streams through-
out winter.

Literature Review

The riverbottom forest commimity in

southwestern Alberta is found on stream
floodplains which show characteristics of

Melton's classification. Melton (1936)
proposed one category containing flood-

plains seldom or never subject to over-

bank floods. These lack sedimentary de-

posits on the surface, and lateral cor-

rosion results in the formation of meander
loops. A second category included flood-

plains frequently subject to over-bank
floods with considerable sedimentary de-

posits on the surface.

In a study of the Coeur d'Alene River
floodplain in Idaho, Humphrey (1924)
came to the conclusion that the ^egetation
on the floodplain of that river had spread
from the south and east into Idaho be-

cause of the constancy of the moisture
factor along the river floodplain. Actual
transfer of dissemiiuiles probably came
about through winds and the movements
of birds.

Lee (1945) rejKJrted 40 species of tall

trees, 9 s[)ecies of small trees, and 14 spe-

cies of shrubs from the flood])lain forest

of the White River in Indiana. A well

developed small tree-shrub layer was
lacking in the stratigraphic develnpnictil

of the forest and stands along the river

showed striking similarity e\en though
the river passed throiigli four- i)ot;nii(.il

areas of striking diffcrciK c in llic up
land forest. Micnx lirnate was lliought to

be of more imj)orlan(e than macro-
climate.

Ware and Penfound (1949) studied

the floodplain of the South Canadian
River in Oklahoma and found sparse

vegetation due to annual destruction by
floods, shifting of sand, a high rate of

evaporation, the intense heat of the sand
surface, and the drying out of sand. A
total of 85 species of plants was found.

Dominant tree species were Populus
dcltoides, Salix interior, and lamarix gal-

lica.

The Mississippi River floodplain in

northwestern Tennessee has been given

special study by Shelford (1954). The
two dominant large tree species were
Populus deltoides and Salix nigra. The
climate of the area was favorable for

the rapid growth of trees on the higher

terraces of the floodplain. Annual rain-

fall was 112 to 125 cm and the mean an-

nual temperature was 16 C. Nearly every
year two or more early stages of the

floodplain forest were inundated, the

length of submergence varying from one
week to two and one-half months. Usu-
ally flooding came early in the spring

but sometimes as late as May or June.

The herb layer was usually poorly de-

velojied. Cottonwoods of 50 to 60 cm di-

ameter at breast height showed 20 annual
growth rings in the Donaldson area north

of Tiptonville. In the Reelfoot I-ake area

cottonwoods grew in diameter at the rate i

of 2.1 cm or more per year, but in Iowa,

farther north, growth was measured at

only 1.0 cm per year. The cottonwood
stand near the Tipton^ille Ferry was
estimated about 40 years old, counting

from the time the cottonwoods were seed-

lings. The area was a sandbar island in

the river 52 years earlier. Estimated time

for the complete development of the cli-

max Tulip-Oak Forest was 600 years.

In a survey of the vegetation of Al-

berta, Moss "(1955) described the flats

of rivers in the prairie parkland of south-

\^(^stern Alberta as being connnonly dom-
inated In- poplars and willows with as-

sociated birch, al(l(>r, and a variable as-

s(Miil)lage of herbaceous sj)ecies. The lead-

iiii; [)()plar sp(>cies designated were Pop-

ulus angi/s/ifolia. P. acuminata. P. sar-

grnfii. P. trichorarpa (near the moun-
tains), and P. halsarnift'ra. There was evi-

ilence of liNbridi/ation bc^tween certain of

the cottonwoods and also between the two

balsam poplars. The chief willow species

indicated were Sali r lutca. S. caudata. S.
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interior \ar. pcdircUata. S. rtwlanopsis.

iiiid S. nryiygdaloidcs.

Wistondahl (1958) doscribed the

floodplain of th(> Raritan River, New
Jersey, as flowing through three of four-

geologic provinces with floods luipredict

able from to 16 days per year, March
having the most floods. High preci])itation

oicurrod in the summer when floods were
scarce. Succession trends on new^ alluvium
reflected the dynamics of stream action.

The dominant tree species on the levee

were willow, river birch, sycamore, and
box elder.

Hosner (1958) found that cottonwood
(Populus deltoidcs) seedlings could sur-

vive only with fewer than eight days
complete inundation by flood water with
variable rates of recovery.

Weaver (1960) reported that the ]ii-

oneer tree species on the floodplain of the

Central Missouri Valley were SnJix

nrny^daloides. S. nigra, and Populus sar-

gentii. The floodplains were subject to

occasional or frequent flooding but were
nloderatol^' to well drained between over-

flows. Pie concluded that it was not the

soil type alone that determined the kind

and amount of native vegetation but

rather aeration and constancy of water
supply of these mostly productive soils

that directly affected their vegetation.

Lindsay et al. (1961) reported 629
species of plants from a study of the vege-

tation and environment along the Wa-
bash and Tippecanoe Rivers in Indiana.

Pioneer tree species were cottonwoods
(Populus spp.) and black willow (Salix

nigra). A medium-sized island largely

built by a major flood supported both

cottonwoods and willows up to 33 cm
diameter after 15 years. There were from
four to seven stages in succession from
pioneer grass-forb to the floodplain

edaphic climax.

Early taxonomic studies, w^hich in-

cluded accounts of the plant species of

stream vallevs. include the w^ork of

Macoun (1883-1909) on plants of the

western prairies. Standley (1921) on the

flora of Glacier National Park in Mon-
tana, and Rvdberg ri922, 1932) on the

floras of the Rocky Mountains and plains

and prairies of central North America.
An early edition of Native Trees of

Canada (1956) gave good accoimts of

tree species taxonomv and distribution.

In 1955 Moss presented an overview of

the vegetation of Alberta which preceded
his monumental work (1959), the Flora

of .Mberta. a most comprehensive work
for the time and still the most useful

taxonomic tool for the province. Supple-

nieiitary accounts of southwest Alberta

plants are to be found in Budd (1957),
Booth (1950). and Booth and Wright
(1959).
Some hel|) in understanding the plants

of the upper reaches of Belly River and
Lee Creek was provided by Breitung's

(1957) enumeration of the plants of

Waterton Lakes National Park, Alberta.

Popular treatments including some of

the riverbottom species are Cormack's
(1967) Wild Flowers of Alberta and
Kuijt's (1972) Common Coulee Plants of

Southern Alberta. A detailed and com-
})lete account of the northern great

plains flora was provided in Boivin's

(1967) Flora of the Prairie Provinces.

Specific treatment of the woody vascu-

lar plants found along southwest Alberta

streams was done in Shaw's (1968) Guide
to the Woodv Plants of the Lee Creek
Valley and (1972) Guide to the Woody
Plants of the Prairies, Foothills and
Valleys of Southwest Alberta.

Brayshaw (1965) has provided the

necessary treatment of native poplars of

southern Alberta and their hybrids,

which is most valuable in both taxonomic
and ecologic evaluations of streamside

communities.

Methods and M.aterials

The riverbottom forest community of

St. Mary River, Lee Creek, and Belly

River was chosen for this ecologic and
taxonomic study of the vascular flora be-

cause of a ])ersonal interest of long stand-

ing in these streams and their vegetation.

Discounting plant collecting and eco-

system observations spanning the decade

1959 to 1969, the actual planned research

for this paper covered the years 1970

through 1973. Intensive field data col-

lection was carried out during the grow-

ing seasons of 1970. 1971. and 1972 with

followup and fill-in studies completed by

autumn 1973.

Study sites along the stream systems

were chosen with two purposes in mind:

(1) intensive plant collection only, and

(2) both plant collection and ecosys-

tem data collection. Within this frame
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of reference, sites were evaluated from
headwaters to outlet on each of the three

study streams during the summer of

1970. Some sites were discarded because
they did not fall within the riverbottom
forest community proper, being in up-
stream transition zones. Others were not
selected because of community alteration

by livestock overgrazing, timber cutting,

farmstead site, and cattle feedyards.

Final sites meeting standards of reason-

able expectation of similarity to pre-1870
climax community aspect numbered 19.

A major objective of the study was to de-

scribe the species of vascular plants and
their ecological relationships in the ap-

parent edaphic-climatic climax of the
present.

There were 10 numbered major eco-

logic-taxonomic sites (Fig. 1). Four were
chosen on St. Mary River. From up-
stream to downstream, with the assigned
name and legal description, the sites were
(1) Cook's Ranch, SW14 S9 Tl R25
W4; (2) east of Aetna, SE14 SI 9 T2
R24 W4; (3) Cardwell's Island, NEI4
S30 T2 R24 W4; and (4) Woolford Park,
NE14 S31 T2 R24 W4.
On Lee Creek there were two major

study sites and these in upstream to

downstream order were (5) Town Dam,
NEY^ S26 T2 R26 W4 (Fig. 3); and
(6) Slaughter Hole, NW14 S4 T3 R25
W4.

Belly River had four major study sites

and from upstream to downstream they
were (7) Highway 5 bridge, SWI4 Si

7

T2 R28 W4; (8) Hillspring Park, NEI/4

and NW14 SI 3 T3 R28 W4; (9) Glen-
wood Bridge, SWI/4 S6 T5 R26 W4; and
(10) Standoff, S27 S28 S33 S34 T6 R25
W4 and S2 T7 R25 W4.
Nine minor taxonomic sites were cho-

sen. On St. Mary River these were at

Coalmine Coulee, SE14 S22 Tl R25 W4;
Kimball Park, SW^i SI T2 R25 W4; east

of Cardston, unsurveyed Blood Indian Re-
serve; Christensen Farm, SW^^ S27 T5
R23 W4; and Blood Reserve Cut-off,

SW14 S30 T6 R22 W4.
Minor sites on Lee Creek were the

Dugway, S5 Tl R27 W4; the Narrows,
S20 T2 R26 W4; and Cardston, town of

Cardston.

The one minor site on Belly River was
at the Belly River-Oldman River conflu-

ence, S27 S28 T9 R23 W4.
Since prior to this study no precise

vfc^^

Fig. 3. iSite 5 on Lee Creek with the climax stand of riverbottom forest on the second terrace at

right and a pioneer site on the first terrace gravel bar at loft.
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evaluation of the vascular flora of the

riverbottom forest had ever been made,
intensive plant collecting was done
throughout the growing season, beginning
in early May and ending in late Septem-
ber. Important sites were collected thor-

oughly from five to seven times to insure

complete records of all species. Specimens
were preserved according to standard

herbarium practice. After careful check-

ing and comparison with known material,

all specimens collected—some 1500 num-
bers—were deposited in the Herbarium
of Brigham Young University, Provo,

Utah (bry). a duplicate set of specimens
remains in my private herbarium at

Cardston, Alberta.

Taxonomy of the poplars follows Bray-
shaw (1965), the genus Cryptantha after

Higgins (1971), the genera Astragalus

and Oxytropis follow Welsh (1960), and
the remainder are after Moss (1959).
Boivin (1967), Booth (1950), and Booth
and Wright (1959).

After several field trials, using various

methods, a standard procedure for ob-

taining numerical data on forest stands

evolved. Information leading to density,

dominance, and frequency was desired

throughout. Each forest stand was
sampled by following a predetermined
pattern—travel parallel to the stream,

sample at intervals, interrupt the interval

whenever nonforest terrain was crossed.

Field data were recorded on data sheets

similar to those suggested by Cox (1967).

Data on trees, tree reproduction, and
clumped shrubs were best obtained by
using the point-centered quarter method
recommended by Cottam and Curtis

(1956). Point-to-plant distance determi-
nation by tape measure proved quite dif-

ficult because of the brush; so an optical

range finder (Edscorp), also recommend-
ed by Cottam and Curtis (1956), was sub-

stituted for the tape with the operator
standing beside the plant and sighting

back to a two-meter rod painted alter-

nately red and green at decimeter inter-

vals set at the point of quadrant inter-

section. The travel interval betw^een

points was 30 m, and three strata—trees,

tree reproduction, and clumped shrubs
—were sampled from the same point.

Dominance calculations were based on
diameter-breast-high for trees, tree re-

production dominance on height, and

canopy diameter for clumped shrubs.

All measurements were based on esti-

mates with frequent tape measure checks
to insure reliability.

The line-intercept method, using a

30-meter steel tape placed at right angles
to the line of travel at 30 m intervals,

proved to be satisfactory for obtaining
information on clonal thicket shrubs. Ten
30-meter lines were sampled per stand.

Bare ground and litter intercepts were
not recorded; these were left for inclusion

in quadrat herbaceous plant sampling.
A 2-dm-by-5-dm quadrat supported on

legs and made from small welding rods

was used for herbaceous plant sampling.
Sides of the quadrat were painted alter-

nating colors at 1 dm intervals for ease

in estimating percentage cover. Fifty

quadrats were sampled per stand at 10-

step intervals. Bare ground and litter

estimates were obtained for the entire

stand by this method.

From all data, calculations of absolute

and relative density, absolute and relative

dominance, and absolute and relative fre-

quency were made with a final sum-
mation of relative values to yield im-
portance value.

Soil characteristics were evaluated in

several ways on the 10 sites chosen for

intensive study. To determine soil phys-
ical characteristics, 100 samples per stand

were taken at 10-step intervals with a

steel rod penetrometer and penetration
depth was recorded to the nearest deci-

meter. Physical characteristics of the
gravel on gravel bars occupied by pioneer
forest stands were determined by taking
three to five samples with a shovel,

screening each sample with a sieve of 0.5

by 0.5 cm with square-hole design, and
calculating percentage rock and percent-

age sand, sand being all particles passing
through the sieve mesh. Comparative
samples were also taken from sites oc-

cupied by sandbar willow.

Five soil samples per site were collected

in plastic bags at (1) surface on pioneer
community gravel bar, (2) surface in

mature forest, (3) 2 dm depth in mature
forest. (4) surface on adjacent fescue

prairie grassland, and (5) 2 dm depth on
fescue prairie grassland. All rocks greater
than 0.5 rm in diameter were removed
from the samples. These samples were
analvzed in the soils laboratorv of the
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Brigham Young University Department
of Botany and Range Sciences for per-

centage sand, percentage silt, percentage
clay, type, pH, and parts per million

soluble salts following the directions of

Bouyoucos ( 1 936)

.

To determine average age of trees in

a stand as well as the age of the oldest-

appearing trees, samples were taken with

a 46 cm increment borer and the corings

were stored in glass tubing until rings

could be counted in the laboratory. So
many of the trees cored had heart rot

(about 40 percent) that much of the cor-

ing was unproductive. However, suf-

ficient growth ring information was ob-

tained to justify the construction of aging

formulae for tree species. These formulae
were based on the average number of

annual growth rings per centimeter of

xylem and the tree trunk diameter at

breast height.

Valley profiles were developed for each

of the 10 major study sites utilizing a

hand-held 30-meter steel tape, optical

range finder, and pacing estimates. From
these profiles the fraction of the river

valley occupied by riverbottom forest was
derived, plus forest height above stream
level and terrace arrangement.

General observations and photographic

work were carried out during all seasons

of the years 1970 through 1973. Impor-
tant phonological dates were recorded to

yield seasonal development trends. The
effects of stream flooding were noted with

special attention to poplar seedling sub-

mergence and survival, channel alter-

ation, silt deposition, mature forest de-

struction bv erosion, and gravel bar for-

mation.
Historical data on river changes and

forest evolution and use were obtained

through correspondence and interviews

as well as library sources. General ob-

servations on bird and mammal life

were also made thoughout the study

years.

Results

General Features of River Valleys

and Ri\('rl)ottoni Forest

Typical ri\orbottf)m forest begins on

St. Mary River 3.2 km south of the in-

ternational boundary where the river

abruptly leaves the aspen parkland-fescue

prairie transition and winds through the

fescue prairie portion of the grassland
biome. Riverbottom forest is continuous
along 48 river km to St. Mary Reservoir
except for one short discontinuity at the
mouth of Coalmine Coulee. Below St.

Mary Reservoir riverbottom forest is lack-

ing for the 80 river km to the river's con-
fluence at Lethbridge. The lack of river-

bottom forest on St. Mary River coin-

cides w^ith river channel restraints im-
posed by the Bearpaw Shale formation.

Streamfall along the river length aver-

ages 3.4 m per km. Where glacial and/or
alluvial gravel deposits occur, riverbottom
forest has developed.

On Lee Creek, riverbottom forest be-

gins 1.6 km above the hamlet of Beazer.

It is continuous for 20 stream km to the

mouth of Lee Creek below Cardston.

Riverbottom forest development is coin-

cident wdth gravel bar formation. Stream-
fall averages 0.75 m per km.

Riverbottom forest development begins

on Belly River 1.6 km above the Highway
5 bridge. As with St. Mary River and Lee
Creek, the transition forest changes
abruptly to riverbottom forest which is

continuous to the Belly River-Waterton
River confluence at Standoff. River-

bottom forest development coincides with
gravel bar formation for the 48 stream

km. Streamfall averages 3.2 m per km.
The channel pattern of the three

streams is similar. They are "meander-
ing" streams in the definition of Neill

and Galay (1967). The potential energy
of moving water has given these streams

the ability to carve channels to their

present sha])e. The flow ])attern obeys

the laws of stream morpholog^' described

by Yang (1971). Riverbottom forest is

found on streams that have not reached

a final static equilibrium but are still in

a state of dynamic equilibrium, contin-

ually adjusting to achieve an ajiproximato

balance bot\veen work done and load ini-

j)osed. Stream flow is such that degrada-

tion and aggradation occur each year.

Th(> |)oak periods of channel alteration

and gravel bar formation were found

to (oiiicidc witli peak streaniflow in late

.May and early June. The inability of

these streams to adjust widths in accor-

dance with velocity has led to the alter-

nate disposition of gravel bars, first on

one side of the stream and tlien on the

other wherever the water has had access

to transportable gravels. Gravel deposits
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nltoniatiiifj; with degraded banks are char

acteristic of the meander pattern.

Pioneer stands of riverhottom forest

were observed pfrow^ing on gra^el bar for-

mations but never on sand bars. On nine

such pioneer riverhottom forest sites the

graveL on which many small poplars 0.1 ")

to O.fi m tall were growing, consisted of

()1.1 percent rocks greater than 0.5 cm
in diameter and 38.9 percent of particles

less than 0.5 cm in diameter, in other

words, sand (Fig. 4) . On sites occupied

by small sandbar w^illows, 100 percent

oiF each soil sample passed through the 0.5-

cm mesh screen.

Depth of easy penetration by the pene-

trometer on gravel bars occupied by pio-

neer riverhottom forest ranged from 0.0

dm to 1.0 dm, the mean being 0.4 dm
Ten gravel bars were sampled, one at

each major site, with 100 penetrometer
readings per site.

Gravel bars formed bv annual flooding

Fig. 4. Recently formed first terrace gravel
bar on St. Mary River open to invasion by river-

bottom forest tree, shrub, and herb species.

were available to forest invasion and de-

velopment bv late .Tune. Successful invad-

ers were able to cope with a few days
of submergence during flooding each
spring. In 1971, 1972, and 1973 average
number of flooddays per year was four,

lliese occurred with greatest frequency
(luring late May and early .Tune. The
po|)l;H- species on pioneer riverhottom
forest sites are well leafed out by the time
annual flooding commences. Three pio-

neer riverhottom forest stands on gravel

bars between site 3, Cardwell's Island,

and site 4. Woolford Park on St. Mary
River, were observed for flood damage
effect on the poplar species in late spring

of 1972. On each of the three sites poplar
seedlings and saplings 0.15 to 0.6 m tall

were numerous prior to flooding. There
were also many herbaceous plants. All

sites were subjected to over-site flooding

for three days. After flood water subsi-

dence the pioneer tree stands w^ere intact

on two of the three gravel bars. Seedlings

were somewhat muddy and bent over;

otherwise thev appeared to be uninjured.
One week later they were thriving. A
shallow layer of silt and sand 0.6 to 1.2

cm in depth had been deposited over the
original gravel by the flood water.

On the remaining gravel bar, largest

of the three, not a trace of the former
pioneer tree stand could be found. The
flood water had been directed over this

gravel bar. altering its shape completelv.
All plant life had been buried or washed
away, leaving several hundred square
meters of fresh new gravel bar ready
for re-invasion and establishment of the
riverhottom forest community.

Lee Creek and the St. Marv and Belly
rivers are principally degrading streams
with several different terrace levels.

Riverhottom forest is confined to the
narrow band of gravel of the first and
second terraces. The first terrace or "first

bottom" of Tindsay et al. (1961) is un-
stable from modern river cutting and de-

position and endures partial or total an-
nual flooding. It supports the pioneer
stages of riverhottom forest. The second
terrace or "second bottom" is inundated
only by floods of unusual proportions,

such as the one of 1964. This second ter-

race supports the climax riverhottom
forest commnnitv.

Elevation increase from terrace to ter-

race was measured. From low water
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level in the stream to mean level of the

first terrace is 0.3 to 1.0 m. The second
terrace is 0.9 to 1.5 m higher than the

first, and the third and fourth terraces

are 1.2 to 2.4 m higher than the second
and third terraces. The third and sub-

sequent terraces are occupied by the same
fescue prairie grassland community that

is climax on the surrounding rolling hills

of southwestern Alberta.

At the 10 study sites, mature river-

bottom forest occupied 1 7 to 50 percent of

the rim-to-rim valley width. The average
riverbottom forest occupancy of the rim-
to-rim valley width was 32 percent.

No evidence was found of invasion of

grassland terraces by tree species. Evi-

dence was found in several locations of

the invasion of the forest by grassland

species, the invasion being accelerated by
localized high intensity sheep grazing.

Reproduction of tree species at high in-

tensity grazing sites was nil.

Long unused river channels higher in

elevation than the present river channel
were devoid of forest development.
The longevity of riverbottom forest

stands was investigated and found to be
dependent on factors other than possible

age attainment and reproduction of its

species. Few forest stands were found
where tree species had grown to maturity,
died, were dying, or were being replaced
by forest or grassland. Most stands

showed evidence of destruction during
some stage of development by the eroding
action of water on the forest-supporting

gravel bar. Trees and shrubs washed away
during the course of lateral degradation
were deposited on newer gravel bars or

were lodged against other plants farther

downstream. Some had been lodged for

several years, were partly decayed, and
had trapped sand, gravel, and river de-

bris.

The abrasiveness of transported gravels

was found to have been most effective in

debarking woody stems and roots of

transported plants and thus limiting their

regeneration. Woody })lant fragments
were checked on gravel bars at each of

the three study streams for regenerative
growth following uprooting and transport

by the water. No accurate count was kept,

but the majority had not regenerated
even following partial burial in gravel

by flooding. All showed abrasion damage
to the bark, smaller branches, and roots.

this damage being a direct function of

streamflow velocity. Under ideal condi-

tions, doubling the water velocity may in-

crease abrasive power by four times
(Flint et al. 1941).

The Climax Forest

Major emphasis was placed on the sta-

tus of the climax riverbottom forest com-
munity occurring on St. Mary River, Lee
Creek, and Belly River in southwest Al-

berta, Canada. Numerical analyses, using
standard methods, were performed for

the mature tree canopy, tree reproduc-
tion, clumped shrub understory, thicket

shrub understory, and herbaceous under-
story.

Following the example of Rice (1965),
dominants in strata categories with very
few species were designated as those spe-

cies having importance value of 75 or

more, based on the maximum impor-
tance value possibility of 300. Average
number of species per stand for the tree

canopy stratum was three, for tree re-

production three, and for clumped shrubs

three. Therefore, an importance value of

not less than 75 designated stand dom-
inants in these three strata.

Designation of dominants for remain-
ing strata followed the reasoning that

with more (or fewer) species the im-

portance values expected of dominants
would decrease (or increase) proportion-

ately. Average number of species per

stand for the thicket shrub stratum was
7.5. Applying the inverse proportion rule,

a stand dominant would be so designated

if it had an importance value of at least

30.

There was an average of 30 species per

stand for the herbaceous plant stratum.

The inverse proy)ortion rule designates

7.5 as the least importance value for

stand dominants.

Identification of plant species was
based on collections made during the

course of fieldwork. The 1971 growing
season was largely devoted to learning

field identification characters of her-

baceous species not in flower at the time
of data sampling. Tree species identifi-

cation, based on Brayshaw (1965), in

this study recognized narrowleaf cotton-

wood (Populus nnpustifolia), balsam pop-

lar (P. balsam ifera), and the hybrids be-

tween these two, called herein "AB hy-
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Table 1. Summary of the mature tree stratum
data from 10 riverbottom forest stands in south-

western Alberta.

Table 3. Summary of the clumped shrub data
from 10 mature riverbottom forest stands in

southwestern Alberta.

Species PC ^
Populus angustifolia 91.5 32.3 29.5 32.7 94.5

P. bahamifera
P. X bahamifera
P. tremuloides

Picea glauca

Total

.9 31.4 27.7 30.8 89.9

96.9 34.2 41.9 34.7 110.8

5.4 1.9 0.5 1.3 3.7

0.6 0.2 0.4 0.5 1.1

283.4 100.0 100.0 100.0 300.0

brid" (P. angustifolia X bahamifera).
Populus trichocarpa. long considered a

species in its own right, has recently

been designated by Brayshaw (1965) as

P. bahamifera subsp. trichocarpa. Recog-
nizing only one species of balsam poplar
greatly simplified fieldwork inasmuch as

the fruiting capsules necessary for the

identification of P. trichocarpa as a spe-

cies were produced infrequently.

Summary data for the mature tree stra-

tum are presented in Table 1. Density
is expressed as the number of trees per
hectare, and relative dominance was de-

rived from stem basal area and density.

Tree reproduction data for the 10
stands are summarized in Table 2. Tree
reproduction included tree species indi-

viduals with a stem diameter at 1.4 m
above ground of 5 cm or less. Relative

dominance was derived from average
sapling height and density.

Clumped shrub data for the 10 stands
are summarized in Table 3. Relative

dominance for clumped shrubs was de-

rived from average canopy coverage area
and density.

Table 2. Summary of the tree reproduction
data from 10 stands of mature riverbottom
forest in southwestern Alberta.

Species
a -d ni

^ "«

EC ^
Populus angustifolia 113.3
P. bahamifera 81.5
P. X bahamifera 65.0
P- tremuloides 9.2
Picea glauca 0.8

Total 269.8

42.0

30.2
24.1

3.4

0.3

38.3

32.4
25.2
3.9

0.2

38.6 118.9

28.1 90.7

29.8

3.1

0.4

79.1

10.4

0.9

Species

'O «3 »,

CC

Betula occidentalis 79.6
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Table 5. Summary of herbaceous species stand

dominants based on a minimum importance value

of 7.5 or more in at least 1 of the 10 stands.

Community dominants, designated "CD" in the

table, have an average importance value of not

less than 7.5 and are dominant in at least 4 of

the 10 stands.

r-. -CJ

Species
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tant species was narrowleaf cottonwood,

a (loniinant in 8 of 10 stands with an av-

erage importance valne of 118.9. Balsam
poplar was second, a dominant in () of 10

stands, with an average importance valne

of 90.7. Third was the AB hybrid poplar,

a dominant in 6 of 10 stands, with an
average importance value of 79.1. The
three dominant species in the tree repro-

duction stratum are the same as the dom-
inant species in the mature forest tree

stratum with closely grouped average im-
jK)rtance \alues and stand-dominant val-

ues.

The minor tree species, quaking aspen,

and white spruce, were also the minor
species in the tree reproduction stratimi.

Absolute density of tree species ranged
from a low density of 122.6 trees per hec-

tare at site 1, Cook's Ranch, to a high
density of 517.8 trees per hectare at site

7, Highway 5 bridge. Average density of

all stands was 283.4 trees per hectare.

Of the six species of clumped shrubs
encoinitered in sampling, onh' two oc-

curred in 1 or more of the 10 stands and
none in 10 of 10. River birch {Betula oc-

cidentolis) was the number one dominant
chmiped shrub for the ri"\'erbottom forest

community of this study. It occurred as

a dominant in 9 of the 10 stands and had
an average importance value of 171.8.

The other community dominant was red-

osier dogwood {Cornus stolonifera) , a

dominant in 7 of 10 stands and with an
average importance value of 72.1. Yellow
willow (SaJix lutca) was a dominant in 3

of 10 stands, but its average importance
value of 44.5 was too low for considera-

tion as a community dominant.

Of the 14 species of thicket shrubs en-

countered in sampling, 8 were dominants
in at least 1 stand. Only 4 were judged
communitv dominants. First was silver-

berry (EIocagnus romrnutata) , a dom-
inant in 8 of 10 stands and with an aAer-

age imj)ortance value of 80.5. Second
was snowberry (Syrnphoricarpos occidcn-
talis) occurring in 8 of 10 stands as a

dominant and \vith an average importance
value of 59.0. Third was wood rose

(Rosa woodsii). dominant in 7 of 10
stands, average importance value 55.3.

Fourth was serviceberry (Amelanchier
oln/folia). a dominant in 4 of 10 stands
and with an average importance value
of 30.9.

Nine (oinniLuiitv dominants were found
among the herbaceous species in the 10
stands. Forty-nine species were dom-
inants in at least one stand. The com-
nuniitN' dominants in descending order

followed by frequency of dominance and
average importance value are: Poa pra-

tensis. 8 of 10, 41.9; Medicago lupulina.

6 of 10, 26.3; Poa comprcssa, 5 of 10,

12.1; Chrysopsis villosa, 5 of 10, 11.1;

Solidago mollis, 5 of 10, 10.6; Phleum
pratcnse, 5 of 10, 10.4; Oxytropis viscida,

6 of 10, 10.1; Aster laevis, 5 of 10, 9.3;

and Fragaria virginiana, 4 of 10, 7.5.

All of the dominant tree and shrub
species are native to Alberta. Five of the

herbaceous species community dominants
are native and four are e.xotics.

Penetrometer readings throughout the

forest stands tended to reflect the sand

and silt deposition brought about by
earlier overbank flooding. The litter layer,

even imder the highest density forest at

site 7, Highway 5 bridge (517.8 trees per

hectare), did not exceed 5 cm. The mini-

mum penetrometer reading at most
stands was 0.0 dm, and maximum read-

ings of 9.0 dm were not uncommon.
Mean penetration of soil under mature
forest was 2.5 dm, in considerable con-

trast to the 0.4 dm mean obtained from
pioneer gravel bar sites.

The pH of gravel bar soil was very
close to 8.0 at all sites, with a moderation
toward a slightly less alkaline reaction

in the forest sites where pH values aver-

aged 7.6 at the surface and 7.8 at a depth
of 2 dm. Neighboring grassland soils on
terrace three w^ere more moderate yet

with an average surface pH of 7.5 and a

2-dm-depth pH of 7 .7 . A decrease in sand
and an increase in silt and clay fractions

occurred from gravel bar to forest to

grassland, these data complementing
[lenetrometer data. Parts per million of

soluble salts increased markedly, from
the gravel bar surface average of 176
ppm, to 458 ppm in forest surface soils,

to 409 ppm in grassland surface soils. No
analyses were undertaken for organic car-

bon, total nitrogen, or total phosphorus.

An age determination formula was de-

vised to facilitate approximating average

tree age and age of the largest tree in each

stand. The basic formula was: Age in

(d-bd)
years = 2 r+5; where d equals
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the diameter in centimeters of the tree

trunk at 1.4 m above ground, b equals
the fraction of the diameter that is bark,
r the average number of annual rings

per centimeter of xylem, and "plus 5"

is an approximation of the number of

years the tree took to reach a height of

1.4 meters. Values for b and r were con-
structed through the use of an increment
borer, with no fewer than 20 samples
being taken for each tree species through-
out the range of the 10 study sites. For
narrowleaf cottonwood b equals 0.2 and
r equals 3.74; for balsam poplar b equals
0.184 and r equals 3.70; for the AB hy-
brid poplar b equals 0.193 and r equals

3.78; and for quaking aspen b equals
0.073 and r equals 5.5. Values for b and
r were not determined for white spruce.

Bark thickness for the AB hybrid poplar
was intermediate between those of its par-

ent species and growth rate of the AB
hybrid was slowest of the three.

Smallest average diameter and lowest
average age species was narrowleaf cot-

tonwood with an average diameter of 20.8
cm and average age of 36 years for all

stands. Second oldest species was balsam
poplar with an average diameter of 21.8

cm and average age of 38 years. The AB
hybrid poplar had the largest average
diameter, 26.2 cm, and the highest aver-

age age, 45 years.

Narrowleaf cottonwood was the largest

tree sampled in two stands. Largest diam-
eters of 36 and 43 cm for this species

were found in two stands. Corresponding
ages were 58 and 69 years. Balsam poplar
was the largest tree sampled in one stand.

This tree, 48 cm in diameter, was 78
years old. The AB hybrid poplar was
the largest tree sampled in eight stands.

The average diameter of these large pop-
lars was 53 cm and average age 85 years.

The largest tree in any sample, an AB
hybrid, was 89 cm in diameter with an
age of 141 years. The average age of

the largest trees sampled in the stands
was 40 years.

A search was conducted on each of

the three streams for very large and,
presumably, very old trees. These would
provide some indication of the possible

age attainment of dominant tree species.

Through actual increment boring the
oldest tree found was an AB hybrid pop-
lar on Lee Creek three miles below
Beazer that was, in 1973, 250 years old.

Another large AB hybrid, with a diam-
eter of 129 cm and approximate age of

200 years, was found at the Kearl Ranch
on Lee Creek three miles southwest of

Cardston. Other large trees in Kearl's pri-

vate picnic ground were a narrowleaf
cottonwood 160 years old and a balsam
poplar 100 years old.

The largest tree found on St. Mary
River, near Woolford Park, was an AB
hybrid poplar with a 102 cm diameter
at 1 .4 m above ground and an approx-
imate age of 160 years. Nearby was a

balsam poplar 97 cm in diameter and ap-

proximately 155 years old.

Height of the large trees ranged from
13 to 22 m. At no site were trees tall

enough to project much above the valley

rim.

First leaf-out of tree species began at

site 10, Standoff, on 13 May 1972. One
week later tree leaf-out was beginning
on the upper St. Mary River at site 2,

east of Aetna, on Lee Creek at site 5,

Town Dam, and at site 8, Hillspring

Park on Belly River.

Leaf-out was not simultaneous at any
one site for all poplar species. For ex-

ample, on 14 May 1972 balsam poplar
and prevernal aspen were leafing out at

site 10, Standoff. By 18 May the same
species were beginning leaf-out at site 4,

Woolford Park. The AB hybrids were just

beginning leaf-out at site 10, Standoff, on
21 May and at site 4, Woolford Park,

on 28 May. By 21 May narrowleaf cot-

tonwoods were leafing out at site 10,

Standoff, but had not yet begun to do so

at site 4, Woolford Park, nor at any sites

upstream from there. Leaf-out sequence
of community tree dominants at any
given site is first, balsam poplar; second,

the AB hybrids; and third, narrowleaf
cottonwood.
The shrub species followed a leaf-out

sequence that began, in 1972, on 21 May
at site 10, Standoff, and worked from
there upstream and toward the moun-
tains on all stream sites. Woody plant

leaf-out progressed upstream at the rate

of five river kilometers per day under
mild weather conditions.

The im})ortance of riverbottom forest

to man in the early days of the Canadian
west was variable. Certainly use of the

forest for shelter and firewood was made
by aboriginal man. Prior to 1877 this

j)art of the northern great plains was
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controlled by Indian tribes of the Black-

feet Confederacy. Ewers (1958) reported

that Indian use of riverbottom forest was
principally limited to winter season en-

camj)ments. Ewers also reported the feed-

ing of the inner bark of cottonwood trees

to horses when snow was too deep for

grassland feeding.

Walter McClintock (1910). who lived

with the Blackfeet Indians from 1896

to 1900, wrote that the Indian name for

St. Mary River meant "Green Banks"
because of its gallery forests of poplars.

He also reported riding through groves

of large cottonwoods along the Belly

River.

Between 1870 and 1900 many settlers

arrived from eastern Canada and United
States to take up homesteads offered by
the Canadian government. Since many of

these people came from forested regions,

to feel more at home they settled in the

river valleys, occasionally in the river-

bottom forest itself.

The town of Cardston, founded in 1887
by Charles Ora Card from Cache Valley
in Utah, was built in part of the river-

bottom forest of Lee Creek. Photographs
taken of Cardston during the period 1887
to 1900 show the riverbottom forest in

much the same position and with the

same general appearance as today (Ma-
cleod 1900). Major floods of 1889, 1903,
and 1964 taught the residents about the

hazards of living in riverbottom forest.

Settlers in southwestern Alberta re-

ported that cottonwood logs made poor
building material, being crooked and sub-

ject to early decay. Lumber of quality

could not be cut from them. Cottonwood
made poor firewood; the logs tended to

smoulder rather than burn and smaller
branches burned too quickly. Building
logs, lumber, and shingles came from the
forests of spruce and pine on lower moun-
tain slopes 20 miles to the southwest.
Coal was found in abundance, further re-

ducing the need for trees as fuel (Hud-
son 1963). A cottonwood log cabin built

in 1885 on Lee Creek by E. N. Barker has
long since rotted away with no trace of

its logs remaining. Cabins built of pine
and spruce logs at the same time still

stand (Barker 1937).
In 1896 Collector of Customs Frederick

D. Shaw, an immigrant from wooded
Nova Scotia, built his beautiful home
"Woodgrove Park" in a mature stand of

riverbottom forest on a second terrace

of St. Mary River east of Cardston. With-
in 10 years the home had to be aban-
doned and was ultimately destroyed by
the river, which had initially seemed
far enough away for safety (P. C. Shaw
pers. connn.).

My grandfather, Vernon S. Shaw, re-

marked in the early 1950s that the huge
(AB hybrid) cottonwood at the Kearl

Ranch on Lee Creek seemed just as large

to him when he w-as a boy in 1885 as it

did at present. This tree, estimated to be
200 years old in 1973, would have been
about 114 years old in 1885 and a very
large tree even then.

Today, of 13 ranch homes in Lee
Creek valley, only 1 is built in riverbot-

tom forest on a second terrace, and that

one is protected from flood damage by
a road serving as a dike. Of the 14 ranch
homes on St. Mary River between the

international boundary and St. Mary
Reservoir, not 1 is built in riverbottom

forest. Along Belly River 3 out of 10
ranch homes and several homes on the

Blood Indian Reservation at Standoff are

in riverbottom forest and are annually
in danger of flood damage.
During the years from 1950 to 1970

provincial and municipal boards estab-

lished picnic and camp grounds at four

riverbottom forest sites. On St. Mary
River parks were established at Kimball
and Woolford, on Belly River at a site

near Hillspring, and on Lee Creek at

Cardston. Woolford Park has been sub-

jected to frequent and serious flood dam-
age with over half of the original acreage

on the second terrace lost to river erosion

in spite of attempts made to divert the

river. Streambank stabilization using
broken concrete slabs has been necessary

at the Cardston park to prevent erosional

loss. Hillspring Park is protected from
flood damage by the United Irrigation

District diversion dam.
Preservation of intact riverbottom for-

est has been fortuitous.

Throughout the years of this study,

1970 to 1973, observations of a general

nature were made on common bird and
mammal species of the riverbottom forest.

The most frequently sighted birds, in the

order in which they appear in Salt and
Wilk (1958), were: great blue heron,

red-tailed hawk, killdeer, spotted sand-

piper. California gull, ring-billed gull,
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mourning dove, great horned owl, com-
mon nighthawk, kingfisher, red-shafted

flicker, black-billed magpie, common
crow, house wren, catbird, robin, starling,

yellow warbler, house sparrow, and
American goldfinch. The black-billed

magpie is the most typical bird of the

riverbottom forest.

The most frequently sighted native

mammals, in the order in which they ap-

pear in Soper (1964), were: white-tailed

prairie hare, American varying hare.

Black Hills cottontail rabbit, pale-striped

ground squirrel, buff-bellied chipmunk,
Canada beaver, white-footed mouse,
meadow vole, jumping mouse, porcupine,

northern plains skunk, mule deer, and
white-tailed deer.

Taxonomic Treatment

Vascular plants were collected at the

10 major study sites and at 9 minor sites

on St. Mary River, Lee Creek, and Belly

River during the growing seasons of

1970, 1971, 1972, and 1973. Plants in-

cluded as riverbottom forest species were
collected from pioneer forest sites on grav-

el bars and from the riverbottom forest-

fescue prairie grassland transition as well

as from the area of major interest, the

mature riverbottom forest.

The southwestern Alberta riverbottom
forest community contained 291 species

of vascular plants in 165 genera represent-

ing 50 plant families. Of these, 41 are
woody plant species and the remaining
250 are herbaceous plant species.

The most important plant families rep-

resented were: Compositae, 30 genera, 61

species; Leguminosae, 12 genera, 39 spe-

cies; Gramineae, 16 genera, 28 species;

Rosaceae, 8 genera, 16 species; Salicaceae,

2 genera, 13 species or species hybrids;
and Umbelliferae, 8 genera, 12 species.

One species new to the province of Al-
berta was found. Prunus nigra Ait. was
collected in 1971 from a small population
on Lee Creek at site 6, Slaughter Hole
(Shaw 1218). In earlier editions of Native
Trees of Canada (1949, 1956, 1961),
Canada Plum i Prunus nigra) was re-

ported from New Brunswick west into

Manitoba. It was also reported from
".

. . fords of several rivers in southern
Alberta." The seventh edition (Hosie

1969) made no mention of the Alberta
report. This, according to T. C. Brayshaw

(pers. comm.), was deleted because no
specimens could be found to substantiate

the report. This report of Prunus nigra
in southwestern Alberta is now verified

(Cody and Shaw 1973).

Range extensions for 12 species were
obtained from the collection data of this

study, these being noted in the species

list.

Species List

PoLYPODIACE.\E
Cystopteris fragilis (L.) Bernh.

Equisetace.\e
Equisetum laevigatum A. Br.

Equisetum pratense Ehrh.

Sel.'\ginellaceae
Selaginella densa Rydb.

PlN.'VCE.'\E

Juniperus communis L.

Juniperus horizontalis Moench
Juniperus scopulorum Sarg. (Range extension)

Picea glauca (Moench) Voss var.

alberliaria (S. Brown) Sarg.

Pinus flexilis James
Pseudotsuga menziesii (Mirb.) Franco

Typhace.'^e

Typha latijolia L.

Ausmace-ae
Sagittaria cuneata Sheld.

Gramineae
Agropyron dasystachyum (Hook.) Scribn.

Agropyron inerme (Scribn. & Smith) Rydb.
Agropyron smithii Rydb.
Agropyron smithii Rydb. var.

molle (Scribn. & Smith) Jones
Agropyron subsecundum (Link) Hitchc.

Agropyron trachycaulum (Link) Malte
Agrostis alba L.

Agrostis variabilis Rydb.
Beckmannia syzigachne (Steud.) Fern.
Boutrloua gracilis (HBK.) Lag.
Bromus ciliatus L.

Bromus inermis Leyss.

Bromus /ectorum L.

Calatnagrostis incxpansa A. Gray
Dactylis glomcrata L.

Deschamj)sia cacspilosa (L.) Beanv.
Descliampsia cacspitosa (L.) Beauv. var.

glauca (Hartm.) Sam.
F.lymus cinrreus Scribn. & Merr.
F.lymus glaucus Biukl.

Glyceria borcalis (Nash) Batchehler
Glyceria grandis S. Wats.
Korlrria cristata (L.) Pers.

Oryzopsis hymrnoidrs (R. & S.) Ricker
Phalaris arundinacra L.

Phlrum pralrnse L.

Poa comprrssa L.

Poa cusickii Vasey
Poa interior Rydb.
Poa pratensis L.

Stif)a Columbiana Macoiin
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Cypfji.\ce.\e

Carex flava I^.

Eleocharis palustris (L.) R. & S.

Scirpus acutus Miihl.

Scirpus paludosus A. Nols.

JUNC.\CE.\E

Juncus alpinus Vill. vai". rariflorus Harlin.
/uncus lonpistyUs Torr.
Juncus torrryi Coville

I.ir.IACE.'^E

Allium crrnuum Roth
Allium scfjornnprasum I,, vac.

sihiricum (T..) Hartni.
Allium rextile Nols. & Macbr.
Disporum orcpanum (A.. Wats.) B. & H.
Fritillaria pudica (Pursh) Spreng.
TAlium philadelphicum L. var.

andinum CNiitt.) Ker
Smilacina racemosa (L.) Desf. var.

amplrxicaulis (Nutt.) S. Wats.
Smilacina slellata (L.) Desf.
Zypadenus pramincus Rydb.

Irid.\ce.\e

Sisyrinchium mnntanum Greene

Orchid.\cr\e
Calypso bulbosa (L.) Oakes (Range extension)
Cnrallorhiza striata Lindl.
Habenaria hyperborea (L.) R. Br.
Habenaria viridis (L.) R. Br. var.

braeteata (Muhl.) A. Gray

S.\LIC.\CE.\E

Populus acuminata Rydb.
Populus anpustifolia James
Populus anpustifolia .Tames X balsamifcra L.
Populus balsamifcra L. subsp.

trichocarpa (T. 8z G.) Brayshaw
Populus sarpentii Dode
Populus tremuloides Michx.
Salix amypdaloides Anderss.
Salix bcbbiana Sarg.
Salix caudata fNutt.) Heller
Salix interior Rowlee
Salix lutea Nutt.
Salix petiolaris J. E. Sm.
Salix scouleriana Barratt

Betul.'\ce.\e

Betula occidentalis Hook.

Urtic.'VCeae

Vrtica lyallii S. Wats. ("Range extension)

SaNTAL.ACE.'VE

Comandra pallida A. DC.

Polygonaceae
Erioponum flavum Nutt.
Rumex crispus L.
Rumex mexicanus Meisn.

Caryophyli.ace.'^e
Arenaria lateriflora Poir.
Cerastium arvense L.

Ranuncul.\ce.ae
Actaea rubra (Ait.) Willd.
Actaea rubra (Ait.) Willd. forma

neplecta (Gillman) Robins.
Anemone multifida Poir.
Clematis lipusticifolia Nutt.

Clematis rrrticellaris DC. var.

Columbiana fNutt.) A. Gray
Ranunculus acris I..

Ranunculus cymbalaria Pursh
Ranunculus pedatifidus J. E. Smith var.

affinis (R. Br.) L. Benson
Ranunculus repens L. (Range extension)
Thalictrum renulosum Trel.

Capparid.\ce.ae

Cleome serrulata Pursh

Crucifehae
Arabis hirsuta (L.) Scop. var.

plabrala T. & G.
Arabis holborllii Hornem.
Arabis holboellii Hornem var.

retrofracta (Graham) Rydb.
Draba aurea Vahl (Range extension)
Erysimum cheiranthoides L.

Lesquerella alpina fNutt.) S. Wats. var.
spalhulata TRydb.) Pay.son

Lesquerella arenosa (Richards.) Rydb.
Physaria didymocarpa (Hook.) A. Gray
Sisymbrium loeselii L.

Thlaspi arvense E.

Crassulaceae
Sedum sfenopetalum Pursh

Sa x Ifragaceae
Parnassia palustris L. var. neopaea Fern.
Ribes inerme Rydb. (Range extension)
Ribes oxyacanthoides E.

Ros.ace.\e

Amelanchier alnifolia Nutt.
Chamaerhodos erecta (E.) Bunge ssp.

nuttallii (Pickering) Hulten
Crataepus chrysocarpa Ashe
Fraparia virpiniana Duchesne var.

plauca S. Wats.
Fraparia rirpiniana Duchesne var.

platrpetala (Rydb.) Hall
(Range extension)

Potentilla anserina L.
Potentilla concinna Richards.
Potentilla fruticosa L.

Potentilla (gracilis Dougl.
Potentilla hippiana Eehm.
Prunus nipra Ait.

(New record for Alberta)
Prunus virpiniana E. var.

melanocarpa (A. Nels.) Sarg.
Rosa acicularis Eindl.

Rosa woodsii Eindl.

Rubus striposus Michx.

Eeguminosae
Astrapalus aboripinum Richards.
Astrapalus adsurpens Pall. ssp.

robustior (Hook.) Welsh
Astrapalus aprestis Dougl.
Astrapalus alpinus E.

Astrasalus bisulcatus (Hook.) A. Gray
Astrapalus bourpovii A. Gray

(Range extension)
Astrapalus canadensis E.

Astrapalus crassicarpus Nutt. var.

paysoni (Kelso) Barneby
Astrapalus drummondii Dougl.
Astrapalus flexunsus Dougl.
Astrapalus miser Dougl. var.

serotinus (Gray) Barnebv
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Astragalus missouriensis Nutt.

Astragalus robinsii A. Gray var.

minor (Hook.) Barneby
Astragalus terwllus Pursh
Astragalus vexilliflexus Sheld.

Glycyrrhiza lepidota Pursh
Hedysarum alpinum L. var.

americanuni Michx.
Hedysarum boreale Nutt.

Hedysarum sulphurescens Rydb.
Lathyrus ochroleucus Hook.
Lathyrus venosus Muhl. var.

intonsus Butters & St. John
Lupinus argenteus Pursh
Lupinus sericeus Pursh
Medicago falcata L.

Medicago lupulina L.

Medicago saliva L.

Melilotus alba Desr.

Melilotus officinalis (L.) Lam.
Oxytropis campestris (L.) DC. var.

gracilis (A. Nels.) Barneby
Oxytropis sericea Nutt. var.

spicata (Hook.) Barneby
Oxytropis splendens Dougl.
Oxytropis viscida Nutt.

Petalostemon candidum (Willd.) Michx.
Petalostemon purpureum (Vent.) Rydb.
Thermopsis rhombifolia (Nutt.) Richards.

Trifolium hybridum L.

Trifolium pralense L.

Vicia americana Muhl.
Vicia sparsifolia Nutt.

Gf,R.'\NI.'\CEAE

Geranium richardsonii Fisch. & Trautv.
Geranium viscosissimum Fisch. & Mey.

LiNACEAE
Linum lewisii Pursh

EuPHORni.\CE.^E
Euphorbia esula L.

Anacardiaceae
Rhus trilobata Nutt.

ACERACE-AE
Acer negundo L. var.

interius (Britt.) Sarg.

Malvaceae
Sphaeralcea coccinea (Pursh) Rydb.

VlOI..\CE.\E

Viola (idunca J. E. Smith
Viola rugulosa Greene

Loasaceae
Mentzelia decapetnla f Pursh) Urban & Gilg

Ri,aea(;nac:e.\e

FAaeagnus commulata Bernh.
Shepherdia argen tea Nutt.

Shepherdia canadensis (I,.) Nutt.

()nagraci-:ai-:

Epilobium angusiifoUum L.

Epilobium glandulosum I.chin.

Epilobium latifolium I,.

Gaura coccinea Putsh
Gaura coccinea Pursh var.

glabra (Lehm.) Torr-. & Gray

Oenothera biennis L. var.

hirsutissima Gray
Oenothera caespitosa Nutt.

Umbellifer.'^e
Bupleurum americanum Coult. & Rose
Cicuta douglasii (DC.) Coult. & Rose
Heracleum lanatum Michx.
Lomatium dissectum (Nutt.) Mathias
& Constance var. muUifidum (Nutt.) M. & C.

Lornaliuni foeniculaceum (Nutt.)
Coult. 8z Rose

Lomatium simplex (Nutt.) Macbr. var.

leptophyllum (Hook.) Mathias
Osmorhiza depauperata Philippi

Osmorhiza longistylis (Torr.) DC.
Osmorhiza occidentalis (Nutt.) Torr.
Perideridia gairdneri (Hook. & Arn.) Mathias
Sanicula marilandica L.

Cornace.\e
Cornus stolonifera Michx.

Pyrolace.^e
Pyrola asarifolia Michx.
Pyrola asarifolia Michx. var.

purpurea (Bunge) Fern.

Ericace.'\e

Arctostaphylos uva-ursi (L.) Spreng.

Primul.'^ceae
Androsace septentrionalis L. var.

subumbellata A. Nels.

Lysimachia ciliata L.

Gentianace.\e
Gentiana affinis Griseb.

Gentianclla amarella (L.) Borner ssp.

acuta (Michx.) J. M. Gillett

Apocynace.'^e
Apocynuni cannabinum L.

Polemoniace.\e
Phlox hoodii Richards.

Polernonium pulcherrimum Hook.

Boraginaceae
Cryplantha celosioides (Eastw.) Payson
Cynoglossuni officinale L.

Hackelia americana (A. Gray) Fern.
(Range extension)

Hackelia floribunda (Lehm.) I. M. Johnston
Lappula rchinata Gilib.

Lithospermum incisum Loiun.
Lithospermum ruderale Eehni.

Onosmodium occidentale Mackenzie

Lahiatae
Galeapsis letrahit L.

Mentha arvensis I-,, var. villosa

(Benth.) S. R. Stewart
Monardu fistulosa I>. var.

men/haefolia (Graham') Fern.

Prunella vulgaris I,.

Scrophui-ariackae
Castilleja miniata Dougl.

(\istilleja septentrionalis I.indl.

Linaria vulgaris Hill

Orthocarpus luteus Nutt.

Penstemon confertus Dougl.
Pensteiuox\ nilidus Dougl.
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Penslrnion procerus DourI.
Rfiinanthus crista-galli L.

Verbascuni thapsus L.

RUBIACF.XK
Galium aparine L. var.

echinospermum (Wallr.) FarwcU
Galium boreale I..

Caprifoliace.\e
Lonicera dioica L. var.

glaucescens (Rydb.) Butters

Lonicera involucrata ( Ridiards.) Banks.

Lonicera tartarica L.

Symphoricarpos occidentalis Hook.

CaM paNU LAC E.\E
Campanula rotundifolia L.

COMPOSITAE
Achillea millefolium L. var.

lanulnsa (Nutt.) Piper
Agoseris glnuca (Pursh) Raf.

Antennaria rosea Greene
Arctium minus (Hill) Bernli.

Arnica rordifolia Hook.
Arnica fulgens Pursh
Aster ciliolatus Lindl.

Aster laevis L. var. geyeri A. Gray
Aster occidentalis (Nutt.) T. & G.
Aster pansus (Blake) Cronq.
Artemisia biennis Willd.
Artemisia campeslris L. ssp.

\caudata (Mirh.x.) H. & G.
Artemisia longifolia Nutt.
Artemisia ludoiiciana Nutt.
Balsamorhiza sagittata (Pursh) Nutt.

Chrysanthemum leucanthemum L.

Chrysopsis villosa (Pursh) Nutt. var.

hispida (Hook.) Gray
Crepis intermedia A. Gray
Cirsium arvense (L.) Scop.

Cirsium undulatum (Nutt.) Spreng.
Cirsium vulgare (Savi) Airy-Shaw
Erigeron acris L.

Erigeron caespitosus Nutt.
Erigeron compositus Pursh var. glabrata Macoun
Erigeron glabellus Nutt. var.

pubescens (Hook.) Cronq.
Erigeron peregrinus (Pursh) Greene ssp.

callianthemus (Greene) Cronq.
(Range extension)

Erigeron philadelphicus L.

Erigeron speciosus (Lindl.) DC.
(Range extension)

Erigeron strigosus Muhl.
Gaillardia aristata Pursh
Grindelia squarrosa (Pursh) Dunal var.

quasiperennis Lunell
Gutierrezia sarothrae (Pursh) Britt. & Rusby
Helianlhus annuus L. ssp.

lenticularis (Dougl.) Cockerel!
Helianlhus laetiflorus Pers. var.

subrhomboideus (Rvdb.) Fern.
Helianlhus nuttallii T. & G.
Hierncium canadense Michx.
Hieracium cynoglossoides Arv.-Touv.
Hieracium umbellalum L.

Hymenoxys acaulis (Pursh) Parker
Hymenoxys richardsonii (Hook.) Cockerell
Lactuca serriola L.
Liatris punctata Hook.

Lygodesmia juncea (Pursh) D. Don
Ratibidu columnifcra (Nutt.) Wooton
& Standi.

Rudbcckia serotina Nutt.

Senecio canus Hook.
Senecio integerrimus Nutt. var.

exaltalus (Nutt.) Cronq.
Senecio lugens Richards.

Senecio pauperculus Michx.
Solidago giganlea Ait.

Solidago graminifolia (L.) Salisb. var.

major (Michx.) Fern.

Solidago missouriensis Nutt.

Solidago multiradiala Ait. (Range extension)

Solidago spalhulata DC.
Sonchus asper (L.) Hill

Sonchus uliginosus Bieb.

Taraxacum officinale Weber
Townsendia parryi D.C. Eat.

Tragopogon dubius Scop.

Discussion

The rather \\ddely held belief that na-

tive Cottonwood species have not pop-

ulated the prairies of southwestern Alberta

because of lack of shelter from the wind
is open to closer scrutiny. Native poplar

and Cottonwood species have been success-

fully transplanted from natural river-

bottom forest populations to prairie grass-

land sites. Furthermore, hybrid and exot-

ic poplar species have been planted with

excellent success on the prairies during

the past 80 years. The barrier to native

poplar invasion of the grasslands is partly

a reproductive one. Mature trees in yard

and shelterbelt plantings produce quanti-

ties of seed, but these observedly have
failed to produce new plants. The seeds

of native poplars are transported far and
wide by the generous wind. If lack of

shelter is the only factor responsible for

the failure of poplar seedling survival,

then there must surely be evidence of

seed germination and partial seedling

growth on some parts of the prairie grass-

land. No such evidence was found.

However, seeds from southwestern Al-

berta riverbottom forest poplar species

will readily germinate and grow if they

are provided with two essential environ-

mental conditions in addition to the ob-

vious ones of temperature, etc. First, there

must be gravel beds or bars with a make-
up of about 40 percent sand (particles

less than 0.5 cm in diameter) and 60

percent rock; and, second, these gravel

beds or bars must be water saturated to

the surface at frequent intervals during

the growing season, and there must be a
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high water table, within 4 to 10 dm of the

surface, at other times.

The necessity of the gravel being in

streamside bars is not absolute since pop-
lar seeds have readily germinated and de-

veloped into trees in abandoned high
water table gravel pits on the [)rairies,

for example, 1.5 km west of Fort Alacleod

and 1.5 km west of Cardston. These trees

are poorly sheltered from the wind.
New gravel bars saturated with water

on the streams of southwestern Alberta
are quickly populated by seedlings of riv-

erbottom forest poplar species. These are

capable of developing into mature forest

trees if the gravel bar or terrace remains
intact.

High quality loam soil with high soil

moisture will not produce forest growth.
Such sites on the sheltered high banks
of rivers and coulees may have tangled
thickets of serviceberry, chokecherry,
honeysuckle, and hawthorn but rarely

are there poplars growing with them.
In southwestern Alberta, streams such

as Rolph Creek, Snake Creek, and Bound-
ary Creek, plus some sections of the

north and south forks of Milk River,

have high water tables in bankside sand-

silt soils; yet they are without riverbot-

tom forest. They are well within the sur-

vival and seed dissemination ranges of

native poplars.

Gravel banks and perched ancient
river valley terraces, with gravel in abun-
dance, having subsurface drainage, are

without riverbottom forest. River valley

gravel bars formed by unusually high
flood waters and left too high for sub-

surface water saturation will also fail to

develop riverbottom forest stands. Her-
baceous S7)ecies may be quite successful

on such sites, however.

Streams flowing in very shallow val-

leys, for example the Little Bow River,

or in very open coulees like Pinepound
Coulee are without riverbottom forest

not entirely because of exposure to the

wind but because the necessary liigh

water table streamside gravels are not

available.

Stream systems iiKo provide excel Ifiit

seed dis[)ersal mechanisms. Flowing water
will bring mountain or submontane spe-

cies to greater range extensions down the

valleys. Wind -borne seeds are readilv

dropped in the lee of sheltering l)anks and

thickets where wind velocity decreases.

Bird activities provide other transport

mechanisms. Downstream species are able

to extend their ranges upstream nearly as

readily. In spite of its constancy of

change, the riverbottom forest floodplain

is a very uniform habitat where macro-
climate and substrate definitely determine
the establishment of plant species, where
soil moisture conditions are less rigorous

than in the uplands, and where the hab-

itat can be quite uniform over wide geo-

graphical areas.

Riverbottom forest species are oppor-

tunists who take advantage of pioneer

sites offered and survive for greater or

lesser periods of time as successional

trends and competition dictate. The nimi-

ber of plant species found in any stratum

of the riverbottom forest community is

a direct function of the number of species

adapted to survive the climatic and soil

regimes. There are many more species of

herbaceous plants than woody ones on the

northern great plains, and a pioneer site

such as a gravel bar is a prime target for

colonization by many more herbaceous

species than woody ones. In this study

the ratio of the riverbottom forest woody
species to herbaceous species was 41 to

250.

Plant survival in the floodplain hab-

itat is considered from the standpoints of

survival of the individual and survival of

the species. The woody jierennials sur-

vive as individuals for periods of time as

short as one growing season or as long as

250 years. Species populations survival

is insured because only small portions of

the total ri\'erbottom forest connnimity
area are destroyed each year and the an-

nual re-establishment of species on pio-

neer sites offsets population destruction.

The occurrence of many perennial

forbs, as well as annuals, on pioneer

gra\el bar sites is probably due as nuich

to reseeding each year as to renewed
growth from perennating buds. This is

true on the many first terrace sites where
iuiiiual high water results in erosion of

tli(> substrate and consequent removal of

most overwintering organs of herbaceous

s[)(H ies, with the exception of more
(lenseK- intertwined and matted root sys-

tems. Tbus. abundant sood production is

a [)rin( ipal species-survival nuM iianism,

provided such s(H'(Is are imt subiect to
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damage by water. Abimrlant seed })ro-

duction is a characteristic of members of

the most important jilaiit families repre-

sented on pioneer gravel bar sites: Com-
positae, Leguminosae, and Gramineae.

While survival of the species popula-
tion is of primary significance in terms
of the vegetation, in terms of mature
riverbottom forest stands survival and
life span of the individual are important.

Hence, the successional trend from f^mvel

bar pioneer site to mature riverbottom
forest has, as its parallel, a trend from
herbaceous annuals or short-lived her-

baceous perennials with high seed ])roduc-

tion toward longer-lived woody species

and herbaceous understory perennials.

The ei)hemeral nature of the riverbot-

tom forest community is most favorable

for establishment of anv edaphically and
climatically adapted species of plant

capable of producing viable seed. Coloni-

zation of a new gravel bar by poplars

may be dependent on the production and
distribution of seed in the same year as

gravel bar formation. Which poplar spe-

cies or species hybrids dominate the early

stages in riverbottom forest development
may be a function of which of them pro-

duced the greatest or indeed anv amount
of seed during the year of colonization.

Poplar species in southwestern Alberta
do not flower and produce seed every
year.

Seeds of the southwestern Alberta
riverbottom forest community poplar
dominants when produced are out of

dehiscing capsules by mid-.Tune to mid-
July, just at the time when advantage
can be taken of newly formed gravel
bars, high water tables in gravels, and
high precipitation rates. Survival is thus
enhanced.

If poplars are to be successful in pop-
ulating new gravel bars, they nmst be
able to survive complete inundation by
flood waters several times during the
years of advancement of the first terrace
stage to the second. It is doubtful if seed-
ling survival for all species of poplars
under inundation is the same. If the
eight-day survival with complete recovery
reported for P. deltoides by Hosner
(1958) can be applied as a guideline,
then forest species of southwestern Al-
berta riverbottoms are reasonablv safe

from drowning since thev are seldom con-

fimiously inundated for periods longer
than four days. The rapid drainage and
aeration of gravel soils following flooding

also prevents death by root drow^ning.

Water availability to the roots of trees

and shnd:)s in mature riverbottom forest

is good to excellent throughout the grow-
itig .season. Spring flooding and rainfall

recharge of soil moisture are coincident

with earlv season leaf-out and photosyn-
thesis. High water tables and water seep-

ing through the gravels from the upstream
to downstream sides of a riverbottom
forest stand are evident from two observa-

tions: (1) Seepage channels originating

in low^ spots in the gravel (i.e., "springs")

were flowing or wet throughout most of

the growing seasons of 1970, 1971, and
1972. During the summer of 1973, when
precipitation and streamflow were below
normal, these springs and seepage chan-
nels dried up by early August, but no
observable woody plant damage due to

drouth was noticed. In the same summer
many herbaceous species in the riverbot-

tom forest failed to develop sufficiently

to flower. (2) During the course of ob-

taining tree trunk cores for age determi-
nations, it was commonly noted that as

the stem core was removed from the in-

crement borer, varying amounts of tree

sap would run out the end of the borer
for varying lengths of time. This indicated

plentiful supplies of water in these trees.

Boring was done during 1971 and 1972
throughout the growing season and into

autumn, even as late as mid-October
after all leaves had dropped. At no time
did sap fail to flow from the tree trunks.

By autumn in the very dry year 1973,
sap flow from trees sampled with the

increment borer was very slow to nil.

Corings from the driest tree trunks were
still wet enough to indicate that no ex-

treme water stress had been placed on the

trees.

The river valleys originated during gla-

cial and postglacial times, and the gravels

supplied for riverbottom forest develop-
ment are glacial in origin (Wyatt 1939).

The higher valley terraces are seldom
influenced by the river, and riverbottom
forest does not develop on them. The
deepening of the valley by stream erosion
is a very slow process. River erosion de-

stroys existing riverbottom communities
and at the same time builds new sites
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available for community colonization

(Figure 5).

Investigators of floodplain forests in

temperate North America (Lee 1945;
Ware and Penfound 1949; Shelford

1954) have been in agreement that the

pioneer stands of such forests include

poplar species. Unlike the riverbottom

forest of southwestern Alberta, other riv-

erbottom forests of more temperate cli-

mates are capable of successional develop-

ment beyond the pioneer poplar stage to

stages dominated by other species, such
as maple, ash, and elm. Maple, ash, and
elm are not part of the native flora of

southwestern Alberta, and riverbottom

forests here go through a sere of poplar

species only. These poplar-dominated
stands are capable of self-perpetuation if

the stability of the substrate permits.

Therefore the successional pathway to the

climax may be very short; the pioneer

stage to a climatic-edaphic climax with
the same species and perhaps even the

same individuals as codominants.
Acer negundo, Fraxinus pennsylvanica,

Lonicera tartarica. Populus sargentii, and
some exotic poplar hybrids have been in-

troduced into southwestern Alberta by
man. In spite of these introductions and
the success of the individuals, no exotic

species of woody plants have become im-
portant members of the southwestern Al-

berta riverbottom forest community. This
is true despite their importance in flood-

plain forests of other regions.

It is doubtful that any of the 291 species

of plants found in this study are truly

riverbottom forest endemics. Even the

dominant species of the four different

strata are not limited to the riverbottom

forest community. Each of the poplar spe-

cies can be found in some other habitat,

from abandoned gravel pit to home
shelterbelt. River birch and dogwood can
be found on moist sandy soil sites in

other plant communities, and snowberry,
silverberry, rose, and serviceberry are

likewise scattered across the plains and
coulees of the grasslands and aspen park-

land. Four of the nine herbaceous stratum
dominants are intrfxiuced exotics found
in a wide variety of other habitats. Of
the five native herbaceous dominants not

one is truly endemic to the southwestern

Alborta riverbottom forest connnunity.

The riverbottom forest poplar dom-
inants are derived partly from the adja-

nd deposit Ion

Fig. 5. Successional schema for the river-

bottom forest community of southwestern Alberta,
Canada.

cent forest regions and partly from the

riverbottom forests on other streams to

the south, east, and north. Balsam poplar

{Populus balsarnifera trichocarpa) has
followed the streams down through the

foothills from Rocky Mountain popula-
tions. Narrowleaf cottonwood {Populus
angustifoUa) seems to have spread from
stream to stream along the edge of the

foothill zone from the south (Brayshaw
1965). Narrowleaf cottonwood has not

extended its range into the transition and
montane forests of the lower mountain
slopes, nor has it extended its range more
than casually east and north beyond Leth-

bridge.

Narrowleaf cottonwood-balsam poplar

hybrids have their population centers

within the areas of overlap of the parent
species. Brayshaw (1965) found scattered

AB hybrids in eastern Alberta well be-

yond the distribution limits of the parent

species.

Plains cottonwood {Populus sargentii),

a most important eastern and northern

species of floodplain forests, has been un-

able to colonize the valleys of St. Mary
River and Lee Creek. Its range does ex-

tend up Belly River to near Monarch.
Quaking aspen {Populus trcrfiuloides)

is a ubiquitous species, finding any moun-
tain and foothills climate to its liking,

re([uiring only adequate soil moisture, and

[)ersisting in small stands on the better

soils along river valleys where conditions

are similar to those of its population

centers in the Rocky Mountain foothills

and tlie northern half of Alberta.

Superficial estimates of jioplar species

ill pioneer stands indicated that seedlings

of narrowleaf j)oplar, balsam poplar, and

AB hybrids were jiresent. Colonization of
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new gravel bars does not seem to be the

prerogative of any one poplar species,

but this is only a tentative conclusion and
must be verified through further study.

In the mature riverbottom forest com-
munity a comparison of importance val-

ues for the three poplar dominants shows
that there is little difference between
those values for mature trees (narrowleaf

Cottonwood 94.5. balsam poplar 89.9, AB
hybrid 110.8) and for tree reproduction

(narrowleaf cottonwood 118.9, balsam
poplar 90.7, AB hybrid 79.1). The dif-

ferences in importance values for trees

during early stages of riverbottom forest

development can best be accounted for b}'

considering that such differences are the

product of the random colonization of

new sites by available seeds. Succession

in mature stands seems to favor one
poplar slightly, the AB hybrid.

At the beginning of this study, my pre-

conceived opinion was that narrowleaf
cottonwood was unable to compete \^dth

other poplar species when forest maturity
was reached. If this hypothesis were true,

then it should be expected that narrow-
leaf cottonwood importance values would
be very low in sampled mature stands of

riverbottom forest. To the contrary, in

each of the 10 study stands this species

was a very important constituent of the

mature tree stratum. Its importance value
average of all stands, 94.5, made it more
important than balsam poplar (I.V.

89.9) and only slightly less important
than the AB hybrid (I.V. 110.8). In its

ability to reproduce and perpetuate itself

within the community narrowleaf cot-

tonwood had the highest average impor-
tance value (118.9) in comparison to

balsam poplar (I.V. 90.7) and the AB
hybrid (I.V. 79.1).

As for absolute values, narrowleaf cot-

tonwood ranked intermediate in density

(91.5 trees per hectare) between balsam
poplar (88.9 trees per hectare) and the

AB hybrid (96.9 trees per hectare).

Absolute density values in tree repro-
duction for all stands put narrowleaf cot-

tonwood well ahead (113.^ saplings per
hectare) of balsam poplar (81.5 saplings

per hectare) and the AB hybrid (65.0
saplings per hectare).

The relative success of the AB hybrid
in the mature tree stratum may be due
more to its greater pioneer site coloni-

zation ability and its greater average
longevity than to its reproductive ability

in the mature forest.

I'he growth in diameter of poplars on
the three study streams is not nearly
so rapid as the growth of other poplar
species in better climates. Shelford's

(1954) report of Populus deltoides on the

Mississippi River floodplain growing to a

diameter of 60 cm (24 in ) in 20 years
is in great contrast to the 13 and 16 cm
(5 and 6 in) diameters achieved by St.

Mary River, Lee Creek, and Belly River
poplars in the same span of time.

Mature ri\erbottom forest stands that

have been under a heavy grazing regime,

by sheep in particular, are quite open,

and one can walk through them with
only minor deviations in his course (Fig.

6). Shrubs occur singly or in small

patches, and between these are low-

growing herbaceous species. This "English
Park" appearance contrasts with other

stands grazed lightly or not at all. These
can be most difficult to walk through.

Rose thickets, silverberry thickets, dog-

wood clumps, and snowberry patches can
be so dense, continuous, and high as to

be impenetrable to all but the most de-

termined person.

No correlation could be found between
the average age of trees in a stand and
average penetrometer readings for stands.

Alluvium buildup is a product of the

number of over-bank floods that have
occurred during the life of the terrace

and these vary from stand to stand.

Observation of exposed root systems,

undercut, and fallen trees shows that lat-

eral stream migration is a major factor

with which floodplain plants must con-

tend (Lindsay et al. 1961). It is due to

this erosion on the one side and deposition

on the other that the floodplain owes its

existence. The proportion of over-bank
deposits is very small compared to chan-
nel deposits.

Island formation on St. Mary River,

Lee Creek, and Belly River is rare in

contrast to its importance on other streams
(Lindsay et al. 1961).

In spite of the quantities of tree and
shrub leaves and other herbaceous debris

falling to the ground each autumn, only
shallow layers of organic material have
accumulated on the surface of mature
riverbottom forest soils. Autumn winds
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Fig. 6. Riverbottom forest stand on St. Mary River at Woodgrove Park. Clumped and thicket

shrubs have been largely killed out through sustained high intensity grazing by domestic sheep.

blow the leaves away or pile them in

sheltered spots. Saprophytic reduction is

rapid and by leaf-out of the next spring
the previous year's organic debris is little

in evidence.

Mechanical damage to standing trees

during over-bank flooding appeared to

be minimal, based on a survey of trees in

stands flooded in 1964. Trees torn away
by lateral corrosion are badly abraded
by transported and bottom gravels as they
are tumbled downstream. Over-bank
floods with slower moving water transport
only the finer sands and silts that do not
damage tree stems. Ice blocks were fre-

quently pushed or floated out on to first

terrace pioneer sites during unusual
winter and normal early spring break up.

Hydraulic pressure exerted from below
by increased streamflow will break heavy
ice into cakes, and these float down-
stream until the receding water leaves

them stranded on gravel bars. The general
and unsupported hypothesis is that ice

does not cause appreciable damage to j)i()-

neer or mature riverbottom forest stands.

Soils under riverbottom forest stands
are gravelly and topsoil layers .so thin

that clearing of riverbottom forest by
inan for farming has never been an agri-

cultural practice. Third and higher grass-

land terraces wdth good soil are suf-

ficiently removed from flood danger to

make farming them no more hazardous
than farming the surrounding prairies.

The effect of prairie v\ildfire. long

known to be devastating to Indian and
settler alike, on riverbottom forest is un-
known. Various accounts of prairie wild-

fires in southwestern Alberta settlement

days tell of the importance of creeks and
rivers in stopping the fire but do not

mention what effect the fire had on trees

along these streams. Poplars a:?e not

notably fire-resistant sjjecies; thus the

probability of damage or death to them
is great. The high percentage of bare

ground luider the forest probably afforded

some fire protection.

Riverbottom forest stands grazed by
cattle tend to remain heavily brushed.

Grass forage is minimal and use is made
of the forest for shade ckiring hotter sum-
mer days. Sheep have been effective in

reducing shrub densities and promoting
grass cover in several riverbottom forest
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stands. Heavy grazing by sheep can re-

duce tree reproduction to nil and promote
development of a grassland which as-

sumes dominance as the forest trees reach
maturity and die.

Summary and Conclusions

Ten stands in the riverbottom forest

community of St. Mary River, Lee Creek,

and Belly River in southwestern Alberta,

Canada, were analyzed for plant species

com})osition during the period 1970-1973.

Four vegetational strata in the commu-
nity are recognized: (1) the tree canopy
and its reproduction, (2) clumped shrubs,

(3) thicket shrubs, and (4) herbaceous
understorv. Vegetational anal^'sis methods
were: ( 1 ) the point-centered quarter

method for trees, tree reproduction, and
clumped shrubs; (2) the line-intercept

method for thicket shrubs; and (3) the

quadrat method for herbaceous vegetation

and unoccupied space. Data were sum-
marized and reported in absolute terms
(density, dominance) and relative terms
(percent density, percent dominance, per-

cent frequency, importance value). Simi-

larities between the 10 stands outweighed
the dissimilarities, and all 10 stands were
deemed to be parts of a southwestern Al-

berta riverbottom forest community.
Dominant species and their importance
value, based on a maximum possible of

300, in the four vegetational strata of the

mature riverbottom forest community
were: (1) trees

—

Popidus X balsamifera
I.V. 110.8. P. ongustifolia I.V. 94.5, P.

balsamifera I.V. 89.9; tree reproduction
~P. angustifolia I.V. 118.9, P. balsam-

ifera I.V. 90.7, P. X balsamifera I.V. 79.1;

(2) clumped shrubs

—

Betula occidentalis

I.V. 171.8. Cornus stolonifera I.V. 72.1;

(3) thicket shrubs

—

Elaeagnus com-
mutata I.V. 80.5, Symphoricarpos occi-

dentalis I.V. 59.0, Rosa woodsii I.V. 55.3,

Amelanchier alnifolia I.V. 30.9; (4)
herbs

—

Poa pratensis I.V. 41.9, Medicago
lupulina I.V. 26.3, Poa compressa I.V.

12.1, Chrysopsis villosa I.V. 11.1. Solidago
mollis I.V. 10.6, Phleum pratense I.V.

10.4, Oxytropis viscida I.V. 10.1, Aster
laevis I.V. 9.3, Fragaria virginiana I.V.

7.5. All of the woody plant dominants
and five of the nine herb dominants are

species native to southwestern Alberta.

Succession in the southwestern Alberta
riverbottom forest community follows an

interwoven pattern of (1) new gravel

bar, the first terrace, formed by river de-

position; (2) pioneer riverbottom forest

on the first terrace gravel bar floristically

composed of herb species and poplar spe-

cies' seedlings; (3) maturing riverbottom

forest stands on first and second terraces

with poplar saplings, clumped and thicket

shrub invaders, and herbs; and (4) pop-

lar-dominated climax stands capable of

self-iier[)etuation, with mature clumped
and thicket shrubs and perennial herbs.

Any stage in succession may be destroyed

(hiring progressive lateral erosion by the

ri\er, and this is the usual fate of the

climax forest.

Unoccupied space (bare ground and
litter) accounted for 66.2 percent of the

total herb stratum area.

Riverbottom forest soils range from
gravel (61.1 percent rocks greater than
0.5 cm diameter and 38.9 percent sand)

to sandy loams above a gravel base of

unknow^n thickness. The sandy loam sur-

face layer is the result of a buildup of

water-borne particles deposited during in-

frequent over-bank flooding. Mean pene-

tration of the soil by the penetrometer
averaged 0.4 dm on gravel bar pioneer

forest sites and 2.5 dm in mature forest

sites. The pH values averaged 8.0 on
gravel bar pioneer sites, 7.7 in mature
forest soils, and 7.6 in neighboring fescue

prairie grassland soils. Soil soluble salts

averaged 176 parts per million on gravel

bars, 458 ppm in mature forest soils, and
409 ppm in the neighboring grassland

soils.

The average diameters and ages of the

poplar dominants in mature riverbottom

forest stands were ( 1 ) Populus X bal-

samifera 26.2 cm, 45 years; (2) P. bal-

samifera 21.8 cm, 38 years; and (3) P.

angustifolia 20.8 cm, 36 years. Maximum
age for any single tree of the dominant
poplar species was (1) P. X balsamifera

250 years, (2) P. angustifolia 160 years,

and (3) P. balsamifera 155 years. Height
of the mature poplar dominants ranged
from 15 to 22 meters.

The climate of southwestern Alberta

is typically continental and cool, with

warm summers and cold winters. Average
annual precipitation is 45.8 cm (18.04

in.) with 65 percent of the total falling

during the growing season.

Development of riverbottom forest is

conditional on climate and substrate. The
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climate determines the species that are
able to survive in southwestern Alberta,
and the continually forming gravel bars
of the streams provide the necessary sub-
strate. Development of the forest is cor-

related with May-June flooding and grav-
el bar formation; May-June precipitation;
June-July poplar seed production, dispers-
al, and germination; and a high water
table in the gravel substrate. The gravels
are of mountain and continental glacial
origin and overlie strata of Upper Cre-
taceous and Tertiary ages.

The riverbottom forest flora is com-
posed of 291 species of vascular plants in
165 genera representing 50 families. Of
these 291 species, 41 are woody plant
species and 250 are herbs. The plant
families contributing most to the river-

bottom forest community flora are Com-
positae, Leguminosae, Gramineae, Rosa-
ceae, Salicaceae, and Umbelliferae. These
six families account for 76 (46 percent) of
the genera and 172 (58 percent) of the
species.

One species new to Alberta was found.
Canada Plum {Prunus nigra Ait.) is now
known from Lee Creek, 0.5 km southwest
of Cardston, Alberta. Range extensions for

12 species were provided by this study.
No species of plant is truly endemic to

the riverbottom forest in southwestern Al-
berta. Plant species in the riverbottom
forest community are opportunists able to

take advantage of the continuing avail-
ability of new gravel bars for colonization.
The riverbottom forest community of

southwestern Alberta has little economic
value. Livestock grazing and shelter are
the major uses with recreation as a minor
use. This community provides some wild-
life habitat, especially for white-tailed
and mule deer.

Fire is unimportant in riverbottom
forest dynamics at the present time. The
greatest altering force of riverbottom
forest stands is water erosion.

The riverbottom forest community of
St. Mary Ri^er, Lee Creek, and Belly
River in southwestern Alberta, Canada,
is a unique ecological entity characterized
by poplar species that have their major
Alberta distribution along these streams.
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REESTABLISHMENT OF STENOGONUM NUTT.
(POLYGONACEAE)i

James L. Reveal- and Barbara J. Ertter^

Abstract.— Tlie genus Strnogonuni Nutt. (Polygonaceae) is reestablished and distinguished from
Eriogonum Michx. with which it has been synonymized since 1853. The genus, as outlined here,

differs from Eriogonum in having two whorls of three foliaceous bracts surrounding the flowers

instead of the normal, united tubular involucre. Stenogonum contains two species, .*?. flexum and
5. salsuginosum; they are restricted primarily to the Colorado Plateau of Wyoming southward
tlirough eastern lUah and western Colorado to northwestern New Mexico and adjacent northern
Arizona. Both species are illustrated and their respective ranges mapped.

In 1848, Thomas Nuttall, the famed
English taxonomist and early western
America explorer, published the last of

his notes on North American plants. He
had left Philadelphia in 1841 under the

direction of the provisions of his inheri-

tance, which directed him to return and
reside in England for six months of each
year; but he returned in the late fall of

1847 and remained in America until

early spring of 1848, thereby being in En-
gland for the first six months of 1847
and the last six months of 1848. It was
during this stay in Philadelphia that Nut-
tall wrote up various new species and
genera which he had found on his 1834-

1836 transcontinental trip with Nathaniel
J. Wyeth. Some new plants were from a

collection of plants made for him by a

young friend, William Gambel. Among
the specimens Nuttall collected on his

trip was a low, spreading annual he
named Stenogonum salsuginosum (Nuttall
1848a, b; Reveal & Spevak 1967). He
found the specimens on the barren, gum-
bo-clay hills in late June of 1834 in what
is now western Sweetwater Comity, Wyo-
ming, at or near the site of the fur trap-

pers' tenth rendezA'ous, which Wyeth at-

tended in hopes of selling goods to the
trappers.

The genus was short-lived. In 1853,
Hooker reduced Stenogonum to Eriogo-
num^ and this j)lacement was soon quickly
adopted by Bentham (1856) and siibse-

(jueiitly followed h\ Torrey and Gray
n870), Watson (1877), Str)kes (1936),
and Reveal (1969a). Kuntze (1903) re-

duced Stenogonum to a section of Erio-

iTliis is the first nf a scries of proposed papers In icvirw
tlinn Eriogonum.

^Doparlnienl of Botany, University of M.Tiylnrid, Collepo
Sniitlisoninn Institution. Wasliinpilon. B.C. 20'>f)0. Support fur
d.ition KHints Gn-22f)4'5 and HMS 7')-13nfi3.

^Dcp.irlnient f>f Holaiiv. University of Mnrvland. ( iilli^;c

of nOTN 099, Special Problems in Plant Taxonomy. ,il tin-

gonum, a move followed by Roberty and
Vautier (1964), and the section was de-

fined to include two species, E. salsugi-

nosum (Nutt.) Hook, and E. flexum M.
E. Jones (1891), by Reveal (1969a, b).

Nuttall established the genus on the

basis of the unique involucral construc-

tion found in the type species Stenogonum
salsuginosum. Unlike Eriogonum, which
has a distinctly tubular involucral tube
which is fused nearly the entire length

of the involucre, the "involucres" of Steno-

gonum are composed of two whorls of

three distinct foliaceous lobes arranged in

such a way that the apex of the inner
lobe is in between the apices of two of the

three outer lobes. In the same paper, Nut-
tall proposed the genus Oxytheca which
was based, in part, on the awned involu-

cral feature. Subsequent to Nuttall's paj^er,

a number of other genera were established

which differ primarily in the involucral

characteristics. As recently noted by Re-

veal and Howell (1976) in their paper
which described a new genus related to

Eriogonum, the involucre has been a ma-
jor criterion for the establishment of geti-

era in the subfamily Eriogonoideae
Benth. (1837, 1856). Many genera even
lack an involucre, while those with invohu
cres can be characterized on this feature

alone. Of all the genera, only Stenogonum
has an "involucre" reduced to a two-

whorled series, and none has t\•pi(•all^• six-

lobes even in a single whorl.
In the paper in which Dcdeckera Re-

\eal & Ho\vell (197()) was described,

Eriogonum flexum was transferred to

Stenogonum. The jnirpose of this j^aper is

Park. _'0"4J

I his resear(l

siilil.iniih- Krioponoido

National Mikciimi of Natural History,
liren ))rovidril liy National Srieiice Foun-

I'ark. JOriJ This ))aper

I'Mlvcrsily of .Maryland,
pi'escniod in parlial fulfillninit
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Fig. 1. Distribution map of the genus Stenogonum witli the range of 5'. flexum (solid circles)
and S. salsuginosum (open circles) indicated.
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to characterize the genus and its two
species.

Stenogonum Nutt.

Stenogonum (stenos Gr.. narrow, and gonatos
Gr.. knee, as to the narrow axis and brandies)
Nutt.. Proc. Acad. Nat. Sci. Philadolphia 4:

19. 1848. — Typus: S. sahuginosum Nutt. —Erio-

sonum Michx. sect. Stenogonum (Nutt.) Kuntze
in Post & Kuntze. Lexicon Gen. Phaenog. 204.

1903 — Eriogonum Michx. sect. Stenogonum
CNutt.) Roberty & Vautier. Boissiera 10: 92. 1964.
nom. comb, superfl.

Low spreading to nearly prostrate or

ascending to erect herbaceous annuals
0.5-3 dm high, 0.5-4 dm across, with num-
erous green, slender branches arising from
a thin to slender woody taproot; leaves
basal or basal and cauline, alternate,

green and glabrous to sparsely and
minutely strigose or glandular, the basal

leaf-blades spathulate to orbicular, (0.6)

1-4 cm long, 0.5-2.5 cm wide, the mar-
gins entire and plane, the apex mostly
rounded, the bases tapering to a more or

less winged petiole or tnmcate to cordate
and only slightly tapering, the petioles 0.5-

4 cm long, the cauline leaf-blades linear-

lanceolate to oblanceolate, 0.5-4.5 cm
long, 0.2-1 cm wide, glabrous throughout
in most—especially at maturity—grad-
ually reduced above to small, nearly
scalelilce bracts at the uppermost nodes,
sessile throughout; floiverinp branches
spreading to erect or infrequently pros-

trate or decumbent, slender, 1-7 cm,
glabrous or minutely glandular; inflores-

cences spreading to erect, open to diffuse.

0.5-2.5 dm long, di- or trichotomously
branches at the first node, essentially di-

chotomously branched above, glabrous
or slightly glandular at the lower nodes
and glabrous above; bracts scalelike,

ternate, triangular, 0.5-2 mm long, glab-

rous or sparsely glandular without, con-

nate at the base; peduncles, when pres-

ent, slender to capillary, 0.5-4 cm long,

glabrous, erect, or nearly so, straight or

flexed about 3/4 of the way up the struc-

ture to an acute angle; involucral bracts

composed of two whorls of three lanceo
late, foliaceous lobes, the outer whorl of

lobes usually longer than the inner whorl
of lobes and all alternately arraugcnl.

2-8 mm long. 2-4 nun wide, glabrous on

both surfaces, the bractlets lacking, or, if

present. 0.3-0.5 mm long, sparsely pubes-
cent, the pedicels slender, 0.3-1 or 2.5-3.5

mm long, glabrous; flowers yellow, 1.5-3

mm long, pilose without, glabrous within,

the tepals monomorphic. lanceolate,

united 1/5 to I/2 the length of the flower;

stamens slightly exserted. the filaments

glabrous, the anthers yellow\ 0.2-0.3 mm
long, oval; achenes light brown. 1.5-3 mm
long, glabrous, the globose base tapering

to a long, 3-angled beak; n= 20.

DisTRiBi'TioN.— Dry clay hills mainly
of the Colorado Plateau in the Green and
Colorado river drainage basin from Wa-
shakie and Natrona counties, Wyoming,
westward to w^estem Sweetw^ater, Lin-

coln, and Uintah counties, Wyoming,
south through eastern Utah and western
Colorado into northw-estem New Mexico
and northern Arizona. Flowering from
April to September.
The genus is composed of two species

which differ in a number of gross morpho-
logical features, but they nonetheless

share several characters in common,
especially in the flower.

Stenogonum is clearly related to Erio-

^onum. The genus probably evolved from
a basic expression near E. inflatum Torr.

& Frem., the one species complex of Erio-

ponum subg. Ganysma (S. Wats.") Greene
that is most likely the most primitive of the

extant taxa of the subgenus. The two
groups share somewhat similar flowers,

floral pubescence, tepal shape, achenes
size and shape, and, to a lesser degree,

fairly similar types of .stem and foliar

[Hibescence. The similarities collapse with
consideration of S. saJsuginosum with its

basal and cauline leaves, sessile or pe-

duncled involucres, and tlie infrequent
situation where the involucral bracts are

entirely lacking, as will be seen at some
of the lower nodes. It appears that

Stenogomim evolved rath(^r rapidly and
distincth' from Eriogonutn. retaining

s()iu(^ of the basic features of the genus,

but exploring new a\ enues, «>sp(>(ial]y in

the foliaceous. two-whorled involucral

bracts.

Tli(> t\%() s[)ecies may be disilnguished

as follows:

A. Leaves strictly basal; peduncles 1-3 cm long, flexed; plants erect, sparse-

ly glandular; eastern and southern Utah (>astward to western Colorado
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southward to the Four Corners area, and westward to Coconino Co.,

Arizona 1. 5. flexum

AA. Leaves basal and cauline; peduncles sessile to 4 cm long, straight; plants

spreading, glabrous; central and southwestern Wyoming south to north-

western New Mexico and northeastern Arizona 2, S. salsuginosum

1. Stenogonum flexum (M. E. Jones)
Reveal & Howell

Stenogonum flexum (M. E. Jones) Reveal &
Howell. Brittonia 28:24. 1976. based on Eriogonum
flexum (flexus L.. as to ihe bent or fle.xed pe-

duncles) M. E. Jones, Zoe 2: 15. 1891. — On the

Moencoppa. near Cameron. Coconino Co.. Ari-

zona. 10 Juii 1890, M. E. Jones s.n. Holotypus.
pom! Isotypi. mo, us!

Eriogonum flexum M. E. Jones var. ferronis

(Perron, Emery Co., Utah) M. E. Jones. Contr.

W. Bot. 11: 15. 1903. — 2 mi S Perron. Emerv
Co.. Utah. 18 Jun 1894, M. E. Jones 5/5'/.

Holotypus, pom! Isotypus. us!

Erect herbaceous annuals (0.5) 1-3 dm
high arising from slender woody taproots;

leaves basal, the leaf-blades orbicular to

orbicular-rhombic. 0.5-2 cm long and wide,

sparsely and minutely strigose when
young, becoming glabrous at maturity,

glandular in some, the margins entire and
plane, the apices rounded, the bases trun-

cate to cordate or slightly tapering, the

petioles f-4 cm long, sparsely strigose to

glabrous; flowering branches erect, slen-

der, 3-7 cm long, minutely glandular;

inflorescences erect or slightly s{)reading,

0.5-2.5 dm long, trichotomous at the first

node, dichotomous above, glandular at

the nodes and lower parts of the inter-

nodes, glabrous above; bracts scalelike,

temate, triangular, 0.5-2 mm long, gla-

brous or sparsely glandular, connate at the

base; peduncles filiform, 1-3 cm long,

flexed to an acute angle about % the

length of the peduncle, glandular up to

about the middle of the peduncle; involu-

cral bracts 2-3 mm long, 2-4 mm wide,
glabrous or sparsely glandular without,

glabrous within, the two whorl of lobes

composed of three foliaceous, lanceolate

bractlike lobes each, the outer lobes wider
and slightly shorter than the inner lobes,

the bractlets lacking, or. if present, then
few in number, 0.3-0.5 mm long, sparsely

pubescent, the pedicels 2.5-3.5 mm long,

glabrous; flowers yellow with greenish
yellow midribs and bases, occasionally
reddish yellow to reddish brown at the
base, 1.5-2.5 nun long at anthesis, be-

coming 2.5-3 nun long in fruit, pilose with
curved yellowish hairs without, glabrous

within, the tepals essentially monomor-
phic, lanceolate, united about V^ to I/2

the length of the flower; stamens slightly

exserted, 1.5-2 mm long, the filaments
glabrous, the anthers yellow, 0.2-0.3

mm long, oval; achenes light brown,
2-2.5 mm long, the globose base tapering
to a 3-angled beak; n= 20 (Reveal 1967).

Distribution.— Dry clay hills and
flats in eastern Utah from Uintah Co.

southward to Kane and San Juan cos.,

and in western Colorado in Mesa and
Montezuma cos., and in Coconino Co.,

Arizona. Flowering from April to July.

Represent.'vtive specimens.— ARIZONA: Coco-
nino Co.: Known only from the type. COLORADO:
Unknown: Near Gunnison River, 1892-1893,
Purpus 185 (p). Mesa Co.: Gunnison Mesa near
Grand Junction. 15 May 1916. Eastwood 5203
(bm, CAS, Ds, k); near Whitewater, 23 May 1947.
Harrington 2636 (cs) ; DeBeque. 22 Jun 1912,
Osterhout 4725 (colo) ; 2 mi NE DeBeque. 14
Jun 1948. Ripley & Barneby 9186 (c.as) ; Grand
Junction, 16 Jun 1901. Stokes s.n. (neb. rm).
Montezuma Co.: McElmo Creek, 11 Jul 1895,
Eastwood s.n. (can, uc) ; NE of Four Corners,
13 Jun 1949, Weber 4811 (ariz, c.\s, colo, ds,

kans, te.x. uc. wtu). UTAH: Carbon Co.: E of

Wellington. 12 Jun 1947. Ripley & Barneby
8645 (cAs. ny). Emery Co.: 27 mi W Green
River along the road to Castle Dale, 24 May 1961.

Cronquist 9100 (ny, tex, utc, ws, wtu); 3.5 mi
S Perron. 20 Jun 1965. Holmgren et al. 1966
(ariz, BRY. CAS. COLO, CS, DAV, DS. GH, ISC, KSC, MO,
NY. OKL, 05C, RM. RSA, TEX, UC, UNC. US, UTC,
wtu). Garfield Co.: 20 mi SE Escalante, 26 Jun
1965. Holmgren et al. 2045 (ariz, bry. cas, colo,
CS. D.W. DS, GH, ISC, KSC, MO, NY, OKL. OSC, RM,
RSA, TEX, UC, UNC, US, UTC, wTu); E side of Mt.
Ellen. 8 Jun 1932. Stanton 1042 (bry). Kane Co.:W side of Paria River above Paris, 20 May 1965.
Cronquist 10130 (bry, colo, ds, ill, isc, kans.
OSC, RM, TEX, uc. UNC, UTc) ; 42 mi E Kanab, 6
Jun 1942. Ripley & Barneby 4845 (cas. gh. ny).
San Juan Co.: White Mesa between Blanding
and Bluff. 19 Jun 1944. Holmgren & Hansen 3394
(bry. can, colo. gh. ids. mo, NY, UC US, UTC.
WS. wtu); Westwater Canvon. 5 mi S Blanding.
24 Jun 1932, Maguire & Redd 1749 (utc). Uintah
Co.: N of Jensen, 8 Jun 1965. Holmgren & Re-
veal 1853 (ariz, bry, CAS, colo. cs, dav, DS, gh,
ISC, mo, ny, OKL, OSC, rm, RSA, TEX. UC, UNC, US,

utc); 7 mi N Jensen, 3 Jun 1950, Porter
5299 (cas. d.\o, ds. gh, ny. ph. rm. tex, wtu).
Wayne Co.: River Ford Road-Bentonite Hill Road,
3 mi NW junction with Utah Highwav 24, Capi-
tol Reef Natl. Park, 6 Jun 1973, Harrison 949
(bry).
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Fig. 2. Illusti-iition of Stenognnuni fir.tuni showing,' tli«> t^ciiciiil liiihit ot tlic species (A), in-

volucral bracts and flowers (B), and an achene (C).
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The type of Stcno^onum flcxuni uas
collected by Marcus E. Jones along the

Moencoppa (now spelled Moenkopi

)

Wash north of Cameron in Coconino Co..

Arizona. This is the only Arizona record

of the species, and the southernmost lo-

cation of the species. TIk^ unique features

of the species were misunderstood bv
Rydberg (1917), Tidestrom (1925), and
Kearney and Peebles (1951), who placed

the species in synon^Tny with Eriogonuni
glandulosum (Nutt.) Nutt. ex Benth. in

DC. Howell (195()) resolved the error,

and (hiring this study raised a question

in his own mind whether or not the genus
Stcnogonum ought not to be recognized

and E. fle.rum placed in it. A similar ques-

tion had occurred to George Goodman,
but neither man formally presented their

opinions in print. We are grateful to

both for their comments on Stenogonum
and its distinctiveness from Eriogonum—

a

point of ^ iew we did not share with them
until convinced by Howell when the

genus Drdeckera was published (Reveal &
Howell 1976).

2. Stenogonum sahuginosum Nutt.

Stenogonum sahuginosum (salsuginosus ML.,
growing in places overflowed b>' salt or brackish
water, alluding to the habitat) Nutt., Proc. Acad.
Nat. Sci. Philadelphia 4: 19. 1848. — "Bare
saline hills of the Colorado of the West, in the
Rocky Mountains." probably near the Green River
south of the junction of the Big Sandy River.

18-22 Jun 1834. Nuttall s.n. Holotypus, bm!
Isotypi. GH, k! — Eriogonum sahuginosum
(Nutt.) Hook.. Hooker's J. Bot. Kew Gard. Misc.
5: 264. 1853.

Low. spreading suberect to erect her-

baceous annuals 0.5-2 dm high, 0.5-4 dm
across, arising from a slender, woody tap-

root; leaves basal and cauline, the basal

leaf-blades spatulate, (1) 2-4 cm long.

(0.5) 1-2.5 cm wide, glabrous and green
on both surfaces, the margins entire and
plane, the apices rounded, the bases

tapering to a more or less %vinged petiole,

the petioles short, glabrous, 0.5-2 cm long,

the cauline leaf-blades linear-lanceolate

to oblanceolate, 0.5-4.5 cm long, 2-10 mm
wide, similar to the basal leaves only
slightly narrower and sessile; flowering
branches prostrate to decumbent or sub-

erect to erect, slender, 1-3 cm long, gla-

brous; inflorescences open but slightly to

rather densely diffuse, 0.5-2 (3) dm
long, glabrous, dichotomously branched
throughout; bracts highly reduced or lack-

ing, mostly scalelike, connate at the base;

peduncles, when present, slender to fili-

form, uf) to 4 cm long, erect and es-

sentially strfiight, glabrous; involucral

bracts 2-8 nun long, 2-5 mm wide, gla-

brous within and without, the two whorls
of lobes composed of three foliaceous,

lanceolate bractlike lobes each, the outer

lobes much longer (by up to 5 mm) and
narrower than the inner whorl, the inner
whorl sometimes greatly reduced, rarely

both whorls lacking, the bractlets lacking,

the pedicels 0.3-1 mm long, glabrous;

flowers yellow with greenish yellow mid-
ribs and bases, 1.5-2.5 mm long at anthesis,

becoming 2.5-3 mm long in fruit, pilose

with curved yellowish hairs without, gla-

brous within, the tepals essentially mono-
morphic, lanceolate, united about Y^ to

Y2 the length of the flower; stamens
slightly e.xserted. 1.5-2 mm long, the fila-

ments glabrous, the anthers yellow, 0.2-0.3

mm long, oval; achenes light brown,
2-2.5 mm long, the globose base tapering
to a 3-angled beak; n= 20 (Reveal, 1967).

Distribution.— Dry clay hills and
flats in Washakie and Natrona cos., Wyo-
ming, westward to Sweetwater and Uinta
COS., Wyoming, southward through east-

ern Utah from Daggett Co., south to San
.Juan Co., and in Moffatt, Mesa and
Montezuma cos., Colorado; into San Juan
and Sandoval cos.. New Mexico, and west-

ward into Mohave and Navajo cos., Ari-

zona. Flowering from April to September.

Represent.ative specimens.— ARIZONA: Mo-
have Co.: Head of Olsen Canyon. 27 May 1969,
Atu'ood 1772 (bry). Navajo Co.: Near Agathla.
14 Sep 1938. Eastwood 8z Howell 6658 (c.as);

Capitan. N Kayenta. 4 Jun 1935. Peebles &
Fulton 11916 (cAs). COLORADO: Mesa Co.: S
Fruita on the S side Colorado River, 25
May 1964. Weber 12109 fcoLo) ; E edge
DeBeque. 15 May 1965. Weber & Murray
12352 (coLo). Moffatt Co.: Massadona. 7 Jun
1951. Ripley & Barneby 10614 (c.as). Monte-
zuma Co.: E Aneth. 19 Jun 1968. Harrington
10112 (cs); N bank Mancos River. NE Four
Corners. 12 Jun 1949. Weber 4800 (cas. cold, cs,

D.AO. DS. IND. K.ANS, T.AES. TEX ) . NEW MEXICO:
Sandoval Co.: 10 mi W Cuba. 31 Jul 1939,

Goodding & Jensen 63-39 (asu, us); W Cuba
27 Mav 1947. Ripley & Barneby 8355 (cas). San
Juan Co.: Aztec. May 1899. Baker 209. (bm, e, k,

g): E of Aztec. 1 Jun 1952. Clark s.n. (unm);
10 mi N Shiprock along U.S. Highway 666,

26 Jul 1973. Higgins 7944 (bry. wts). UTAH:
Carbon Co.: 2.7 mi S U.S. Highway 50 on road

to Mounds. 29 Apr 1968. Atwood 1264 (bry, isc);

Along dirt road 1 .2 mi S VS. Highway 50. this

junction 5.5 mi E Wellington. 29 Jun 1975. Re-

veal <Sr Reveal 3835 (bry. cas. gh. mo. ivy. okl,
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Fig 3. Illustration of Stenoffonum sa/suginosum showing tlu> uvurr.A lu.h.t <.f tlu- siutips CA^involucral bracts and flowers (B). and ;in arhrno (C).
sptcies (A),
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TEX, us, UTc). Daggett Co.: On Vernal-Manila
road near N boundary of Ashley Natl. Forest.

17 Jul 1929. Mulchings /37 (ogdf); 1 mi N Ma-
nila. 12 Jul 1!)3'). Maguire 12^74 (utc). Emery
Co.: ti mi W U. S. Highway 50 on road to

Huntington. 29 Apr 1968, Alwood 1299 (bry):

10 mi E Huntington. 30 Apr 1968. Higgins &
Reveal 1252 (imv); Farnham. 29 Jun 1898. M. E.

Jones 6527 (bm. c.\s, ds, pom, utc). Gai-field Co.:

HeiH-y Mts., 8 Jun 1932, Stanton 1031 (bry. utc).

Grand Co.: Cisco. 2 May 1890. M. E. Jones s.n.

(g); 2.8 mi W Westwater. 3 Jun 1958. Raven
13059 (c.'^s). San Juan Co.: McElmo Creek. May
1892. Eastwood s.n. (c.\n. ds); White Mesa Dug-
way. 10 mi N Bluff. 15 May 1944. Holmgren
3205 (utc); "Wliirlwind Draw along Clay Hills

Divide. 30 Apr 1966. Reieal 7IS (bry. ds. ksc.

UMo). I^intah Co.: Willow Creek. S Ouray, 11

Jun 1965. Holmgren & Reieal 1906 (.\ri7., bry.

C.\S. COLO, CS. D.\0. DS, GH, ISC. KSC, MO, NY,
OKL. RM, RS.'\, UC, UNC, US, UT, UTC) ; 7 mi N
Jensen, 3 Jun 1950, Porter 5295 (cvs. d.\o. ds,

rm); 10 mi S Ouray. 16 Jun 1937. Rollins 1728
(ds. g. GH, utc); Dinosaur Natl. Monument. 8

May 1950, Weber 5330 (cold, dnm); SW
boundary of Dinosaur Natl. Monument, 3 Jul

1955. Welsh 410 (bry. unc). WYOMING: Lin-

coln Co.: Banks of Ham's Fork, Aug. 1843,

Geyer 100 (bm. g, isc, k). Natrona Co.: 0.5 mi
E James Hendry ranch house, near Badwater.
5 Jul 1963. Weber 43 (colo). Sweetwater Co.:

Granger, 7 Aug 1898, Diehl s.n. (bry); 22 mi
S Green River, 29 Jun 1951, Porter & Rollins

5712 (d.ao, ds, gh, rm); Between Opal and Grang-
er, 19 Jun 1923, Parson & Armstrong 3216 (colo,

ILL, isc, rm); 25 mi NE McKinnon, 2.8 mi SE
Wyoming Highway 530, 14 Jun 1971. Reveal
2348 (bry. gh. mo. ny, uc, us. utc). Uinta Co.:

2 mi N Lone Tree. 14 Aug 1971, Atwood 3086
(bry); 6 mi from Mountainview on road to Lone
Tree, 23 Jun 1953. Holmgren & Tillett 9469
(cas, d.^v. NY. utc); Ft. Bridger. Jul 1873. Por-
ter s.n. (bm. ndg) ; 8 mi E L\Tnan. 19 Jun
1938. Rollins 2379 (ds, gh, rm). Washakie Co.:

W of Worland, 19 Jun 1962, Nichols 444 (rm).

The type of Stenogonum salsnginosuni

was collected by Thomas Nuttall along
the Green River in Sweetwater County,
Wyoming, in late .June of 1834. Nuttall

was traveling \\\x\\ Nathaniel J. Wyeth
and .lohn K. Townsend, and at this time
the party was at the tenth rendezvous of

the fur trappers. The actual site of the

rendezvous was moved several times. On
18 .Tune, the company was near the mouth
of the Big Sandy River, but by the 22nd.
the rendezvous had been moved to a

|)oint some 12 miles up Ham's Fork. We
believe that Nuttall likely found his speci-

mens of this species while moving south-

ward along the Green River and up the
Black Fork to Ham's Fork.

This species is closely related to 5.

fle.Tum. with the two differing mainly
in vegetative features and the growth as-

pect of the inature plants. Both species

will flower when the plants are barely

two centimeters tall, and at this time,

the two are extremely difficult to distin-

guish. For the most part, the inflorescenses

of S. salsuginosum will have distinct leaves

along the branches, whereas the inflores-

cences of S. flexum will be devoid of

leaves.

A ke>' to Stenogonum and the other

genera oif Eriogonoideae is given in the

paper by Reveal and Howell (1976).
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A REVISION OF ERIOGONUM (POLYGONACEAE)
SUBGENUS PIEROGONUM'

William J. Hess- and James L. Reveal-^

Abstract.— This revision discusses the 10 species of Eriogonum assigned to tlie subgenus Ptero-

gonum. Six of the species are essentially restricted to northern Mexico; two additional species. E.

hemipteruiu and F.. nralleyi. are found primarily in Texas; and the remaining two. E. hieracifolium

and E. alaluni. are the most widespread species of the subgenus being found nuunly in the Lnited

States and just barely entering Mexico. The subgenus is characterized by the broad, often winged or

ribbed achenes. and the generally erect liabit of the stems of these perennial herbs. Three new species,

E. finibrialum, E. viscanuni, and F.. clivosum, are described. They are related to E. ciliaium and are

found in the desert foothills of north central Mexico. Two new varieties of E. atrorubens are pro-

posed. One, var. nemorosuin. is restricted to the high mountains of the Sierra Madre Occidental in

northern I])urango and southern Chihuahua, while the second, var. aurilulum, is a plant of the Sierra

Madre Oriental of Coahuila and Nuevo Leon. The subgenus is divided into four sections, two of

which. Peregrina and Astra, are new. Cytological information is given for nearly all taxa and shows
tlie majority of species to have a luii)l<)i{l number of 20. Eriogonum atrorubens var. intonsum is a

polyploid with « = 'K). and E. greggii is the most unusual with a hajjloid number of 16. Each species is

described in detail, discussed, and illustrated. Distribution maps are given noting the known locations

for each taxon.

The genus Eriogonum Michx. (Poly-

gonaceae) is comprised of nearly 250 spe-

cies and, perhaps, 160 varieties. It is found
primarily in western North America as

far north as Alaska and southward as far

as north central Mexico. It occurs in

numerous ecological situations, ranging
from desert to alpine life zones. The only
recent published monograph is Stokes'

(1936), and because there are no keys
and only brief descriptions, it is imprac-
tical to use. One of us (Reveal) has be-

gun a study of the genus at all levels,

and this joint effort is a part of that study
as well as portions of our respective doc-

toral dissertations.

During the formative years of this re-

search (1961 to 1969), each of us worked
on the subgenus Pterogonum (H. Gross)
Reveal ^^^th varying degrees of concentra-
tion. For Hess (1967). this subgenus rej)-

resented the subject of his dissertation.

in which he devoted most of his efforts

on field studies and an evaluation of those
species found mainly in the United States.

Reveal (1969b) reviewed the entire genus
for his dissertation, and in his treatment
of Pterogonum, he leaned heavily upon
the work of Hess (1967), and, too, w^orked

mainly with the United States species.

Since 1971, however, we have worked to-

gether on this revision and have concen-
trated our efforts in northern Mexico.
Herbarium studies have been intensively

conducted in numerous institutions both
in North America and in western Europe.
As a result of the present studies, we have
seen nearly all entities of the subgenus
in the field, have reviewed the vast ma-
jority of extant collections, and can now
report chromosome numbers for nearly
all taxa of Pterogonum.
Herbarium citations which are includ-

ed in this revision follow the suggested

abbreviations for major herbaria as pro-

posed by Holmgren and Keuken (1974).
Our subgenus Pterogonum is here de-

fined to include those species of Eriogo-

num which are upright herbaceous pe-

rennials with leaves covered by pilose to

strigose hairs, non-jointed stems arising

singly from each caudex, with or with-

out cauline leaves or foliaceous bracts,

solitary involucres which are often pe-

dunculated, and large, strongly angled
or even winged achenes with a straight

embryo. We recognize ten species and
eight varieties among four sections, the

^Subniitted. in part, as partial fiilfillinent for tlie doctoral degrees from the University of Oklahoma (Hess) and Brigham
\oung_ University (RcvealV Support of the current research has been via Xational Science Foundation grants GB-22fi4') and
BMS75-1 5nr>^ to Reveal. The public ation support lias been provided by The Morton Arboretum and the University of Mary-
land .•\gririiltiire Experiment Station (' Scientific .Article No. .<\2245. Contribution No. 5235). We are grateful for the as-
sistance and patience given us by our major piofessors. George J. Goodman and Stanley L. Welsh, and the critical sug-
gestions on this manuscript by Marion T. Hall. I-"igurcs S+ and 55 were drawn by the staff artist of The Morton .Xrboretum,
Nancy flart. .\11 other plant illustrations were drawn by Dolly Barker Woll of Mar>-land. Lastly, we are grateful for
having knowni and been inspired bv the late Lloyd Shinners of Southern Methodist University, This paper is presented in
nis memory.

^Associate Taxonomist. The Morton ,\rboretuni. Lisle, Illinois 60532.
'Associate Professor of Botany, University of Marv-land, College Park. Maryland 20742. and Research .Associate, National

Museimi of Natural History. Smithsonian Institution. Washington. D.C. 20560.
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majority of which occur in northern
Mexico and southwestern United States.

History and Interpretations

Originally, Bentham (1856) placed the

members of Eriogonum with winged
achenes, E. alatum Torr. in Sitgr., E. hie-

rocijolium Benth. in DC, and E. atro-

rubens Engelm. in Wisliz., in a section he
called Alata. Torrey and Gray (1870)
treated these species similarly but, in ad-

dition, placed the related species E. cilia-

turn Torr. ex Benth. in DC, in section Pe-
dunculata and E.. greggii Torr. & Gray in

section Pseudo-stipulata. These latter are
now interpreted by Reveal (1969a) as

part of the subgenus Ganysma (S. Wats.j
Greene. Watson (1877) did not recognize
section Alata but instead included E. ala-

tum and E. hieracifolium in his larger
section, Eueriogonum, and placed E. atro-

rubens with E. ciliatum and E. greggii
in section Ganysma. Gross (1913) inter-

preted the Alata group (sensu Bentham)
as generically distinct from Eriogonum
and proposed the new genus Pterogonum
H. Gross to include them. Stokes (1936)
believed that this genus was not that dis-

tinct and included E. alatum. E. hieraci-

folium. E. artorubens. E. ciliatum. and
E. greggii along with E. rupestre S. Stokes,
E. hemipterum (Torr. & Gray) S. Stokes,
E. nealleyi Coult., and E. inflatum Torr.
& Frem. as Section lA of her treatment of

Eriogonum. Except for E. inflatum we
consider the species of her Section lA
closely related and include them in our
concept of the subgenus Pterogonuni.

Gross's generic interpretation of Eriogo-
num alatum, E. hieracifolium. and E. atro-

rubens has been endorsed by Roberty and
Vautier (1964). Their treatment made no
mention of any other species in Stokes's

Section lA except for E. ciliatum. which
was placed in Eriogonum and not Ptero-
gonum. They did concede, however, that
E. ciliatum was closely related to Pterogo-
num. There is litle doubt that E. ciliatum.
E. greggii. E. hemipterum, and E. nealleyi
belong in the subgenus Pterogonum as

pointed out by Reveal ('1969a), and the
close relationshif) between E. rupestre and
E. atrorubens has been rey)oatedly ex-

pressed by se\eral workers f.Tohiistoii

1944; Hess 1967; Reveal 1967a). We be-

heve that Roberty and Vautier, by not

examining all the members of Stokes's

Section 1 A, overlooked the strength of the

relationship between the two genera Erio-

gonum and Pterogonum.
The major characteristics linking the

members of our subgenus Pterogonum are

the ])erennial nature of the plants \Ndth a

single stem arising from the caudex, pe-

dunculate in^'olucres, non-stipitate flowers,

and a straight embryo. The precise de-

limitation of the sections within the sub-

genus has been debated between us, and
the differences of opinion all have some
justification. Reveal (1969a, 1969b') recog-

nized two sections in his early versions,

while Hess (1967) felt that at least three

were more reasonable. As a result of our
field and cytological work, we now propose
four sections within the subgenus. Includ-

ed in section Pterogonum is the subsec-

tion Pterogonum, which comprises the

type for the subgenus, Eriogonum atro-

rubens. and its several varieties, and the

other subsection, Adenogonum Hess &
Reveal, with E. ciliatum. E. clirosum
Hess & Reveal, E. inscanum Hess & Reveal,

and E. fimbriatum Hess & Reveal, of

which the last three named species are

new. After considerable debate, we have
placed E. greggii in its own section. Pere-

grina Hess & Reveal, acknowledging its

(lose superficial relationship with mem-
bers of the subsection Adenogonum. The
other newly proposed section, Astra Hess '

& Reveal, contains E. hieracifolium. E.

hemipterum. and E. nealleyi. Only E.

alatum is included in Bentham's old sec-

tion, Alata.

Cytological Studies

Cvtologically, the genus Eriogonum has

become better understood as more counts

have been made and recorded. Reveal

has determined numbers for numerous
s[)ecies, anrl we now have several counts

in nearly all subgenera. Since the first

r('[)()rted counts by Stebbins (1942), a

number of papers (far too mmierous to

cite here) have appeared with chromo-
some numbers for various species of the

genus. The counts found in Eriogonum
vary as follows: 2n 18, 22, 24, 32. 34,

^6," 38, 40 and 80. Stokes and Stebbins

(lOVV) suggested the basic chromosome
lunnber to be r 10. and the more recent

( ounts have tended to supf)ort this. While
the base number of 10 has not been found,

the many polyploids based on a nuiltiple

k
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of 10 would im])ly this number. Aneu-
ploidy, which resulted in «=- 9 or 11 or

others, certainly may have occurred. This,

in conjunction with other kinds of poly-

ploidy such as autopolyploidy and allo-

polyj)loidy, may have resulted in various

poly})loid chromosome numbers. Stokes

and Stebbins indicated that if this inter-

pretation is correct, then hybridization

has phiyed an imj)ortant role in the evo-

lution of the present-day species of Erio-

gonum.

In our studies of Pterogonum, cytolog-

ical material was obtained from buds col-

lected in the field by the authors either

individually or together. Reveal's method
of preparing smears has already been re-

ported (Reveal 1968a; Reveal & Styer

1973), and Hess followed the method
described in the second of these two
papers. The voucher specimens for Re-
veal's earlv counts of members of Ptero-

gonum (Reveal 1967b, 1968b) are at Utah
State University, while those document-
ing counts since 1969 (either alone or with
Hess) are deposited at the Smithsonian

Institution. The vouchers for Hess's
counts are at the University of Oklahoma.
A summary of the chromosome counts

and their vouchers is given in Table 1.

See Figures 1-33 for illustrations.

In the subsection Pterogonum (H.
Gross) Hess & Reveal, all but one variety

counted of Eriogonum atroruhens have
the microsporocytes with 2n= 40. In var.

intonsum Reveal, the number is 2n= 80.

In the subsection Adenogonum, no bud
material was available for E. viscanum,
but E. clivosum, E. fimhriatum, and E.

ciliatum have meiotic chromosome counts
of 2/2= 40. In section Peregrina, its only
species, E. greggii. has a count of 2n=
32. In the sections Astra and Alata, all

species and varieties showed the usual

counts of 2n= 40, except E. hemiptcrum
var. griseum I. M. Johnst., for which we
had no bud material.

As is evident, all of the species in the

subgenus Pterogonum whose chromosomes
have been counted show 2n= 40, with
the exception of Eriogonum atroruhens
var. intonsum (2n= 80) and E. greggii

T.\BLE 1. Chromosome numbers from microsporocytes and vouchers in Eriogonum subg. Pterogo-

num.

Taxon Number Voucher

Sect. Pterogonum
E. atroruhens

var. atroruhens
var. auritulum
var. pseudociliatum
var. intonsum
var. nemorosum

E. ciliatum

E. fimbriaturn
E. clivosurn

Sect. Peregrina
E. greggii

Sect. Astra
E. hieracifolium

E. hemipterum
var. hemipterum

E. nealleyi

Sect. Alata
E. alatum

var. alatum

var. mogollense

var. glahriusculum

20
20
20
40

20

20
20
20

16

20

20
20

20

20

20

Reveal et al. 2757;
Reveal et al. 2651; Reveal & Hess 3149.

Reveal et al. 2697.

Reveal et al. 2735; Reveal & Hess 3013;
Reveal & Hess 3126.

Reveal et al. 2737; Reveal & Hess 3105;
Reveal & Hess 3124.

Reveal et al. 2612; Reveal et al. 2616.

Reveal & Hess 3144.

Reveal et al. 2664; Reveal & Hess 3143.

Reveal et al. 2607; Reveal & Atwood
3382.

Hess S86; Reveal & Davidse 902;
Reveal & Davidse 913; Reveal &
Davidse 914.

Hess 799: Reveal 8z Davidse 906.

Hess 876; Reveal & Davidse 900;
Reveal & Davidse 901.

Holmgren et al. 1961; Holmgren et al.

2070; Hess 353,- Reveal & Reveal
2772; Reveal & Reveal 2944.

Hess 761; Reveal & Reveal 3225;
Reveal & Reveal 3229.

Hess 506; Reveal & Davidse 879;
Reveal & Davidse 880.
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Figs. 19-53. - Camera ludira drawings of rhroniosomt-s from microsporocvtes of Eringonum sub-
genus Pterogonum. sections Astra and Alata. Fig. 19. E. hicmcifolium. n=20. metaphase I; Hess
886. Fig. 20. E. hicracifolium. n = 20. telopliase I; Reveal & Davidse 902. Fig. 21. E. hieracifolium.
" = 20. telophase II; Reveal & Davidse 91-1. Fig. 22. E. hemiplerum var. hemipterum. n = 20. meta-
phase I; Hess 799. Fig. 23. E. hempiterum var. hemipterum. « = 20, diakinesis; /?^rfflZ & Davidse 906.

Jig. 24. £. nealleyi. n = 20. metaphase I- Hess 876. Fig. 25. £. nealleyi, n = 20, telophase I: /?^z;^flZ

& Davidse 900. Fig. 26. £. nealleyi. n = 20. diakinesis; Reveal & Davidse 90i . Fig. 27. £. alatum var.
a/a/um. « = 20. metaphase I; Hess 353. Fig. 28. £. alatum var. alatum. n = 20. telophase II; 7?e^•^oZ
& ff^Lfa/ 2772. Fig. 29. E. alatum var. mogollense. n=20. metaphase I; Hess76i. Fig. 30. £. a/a-
fum var. mogollense. n = 20. diakinesis; Reveal & Reveal 3225. Fig. 31. £. alatum var mogollense
^
= 20. telophase I; /?ci;?a/ & /Jerrc/ 3229. Fig. 32. E. alatum var. glabriusculum. n = 20. metaphase

1; Hess 506. Fig. 33. E. alatum var. glabriusculum. n = 20. telophase II; Reveal & Davidse 880.



286 GREAT BASIN NATURALIST Vol. 36, No. 3

• •

• •.

Map 1. Distribution of Eriogonum atrorubens in northern Mexico showing var. ufrorubenx (solid

circles); var. aurilulum (open triangles); var. pseudociliatum (solid bo.xes); var. inlonsuni (open
circles); var, riernorosurn (solid triangles); and var. rupeslre (open bo.xes).

{2n= 32) . It is easy to acce])t the ration-

ale of the octoploid chromosome number
for var. intonsum, for this variant quite
possibly owes its origin to hybridization
involving var. atrorubens and var. ncmo-
rosurn Hess & Reveal followed h\ chromo-
some doubling. However, an e.\[)lanation

for the 32 chromosomes of E. greg^ii
is a little more difficult. We feel that E.
greggii is the most diverged taxon in the
subgenus, and this divergence occurred
at a relatively early time in the history
of the group. We recognize that most au-
thorities would argue that an aberrant

chromosome nimiber would generally in-

dicate a recent divergence (Stebbins

1974), but each taxon must be analyzed
on its own merits. Characteristics such as

growth form, flower color, pubescence,
and glaiididarness indicate to us an early
divergence from the main exolutionarv
line in Pterogonuni, and certainly tlu> loss

of chromosomes iiiid ( hromosomal anom-
alies could occur at any time in the evo-

lution of a species, in this case, E. greggii.

We will discuss this in more detail in the

following section.
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Evolutionary relationship of
Pterogonum within

Eriogonum

Reveal (1969a) has already ventured
an opinion on the relationships of the

various subgenera within Eriogonum. It

has been difficult for us to see any fimi
place of origin for Pterogonum within
Eriogonum. At one time one of our major
professors (Goodman), playing the devil's

advocate, had argued for the recognition

of Pterogonum as a genus in much the

same fashion as we have outlined the

group as a subgenus within Eriogonum.
If only E. (datum existed, then some justi-

fication for a distinct genus could be
made, but the other taxa in Pterogonum
tie E. (datum firmly to Eriogonum. The
recent discovery of a new shrubby genus,

Dedeckera Reveal & Howell (1976), re-

lated to Eriogonum, called for a fresh re-

view of the genera in the subfamily
Eriogonoidoae Benth.

We suspect that Pterogonum has its

closest relationship with the subgenus Gan-
ysma, a mixture of annuals and pe-

rennials with distinctly pedunculate in-

volucres, yellowish to yellowish green
flowers in which some approach the flower
color of certain members of Pterogonum,
as well as maroonish flowers (as in Erio-

gonum preclarum Reveal, a perennial
species from Baja California del Sur,

Mexico), and erect stems that may or

may not be inflated. Upon comparing the
two subgenera, we found certain similar-

ities evident.

« Eriogonum greggii is cytologically

I unique in Pterogonum with n= 16. This

I

same niuuber appears in section Gompho-
theca (Nutt.) Reveal of Ganysma, the

I

subgenus that includes E. inflatum, E.

trichopes Torr., and others (Reveal
1969b). Also in Ganysma is E. galioides

I. M. Johnst., an endemic from the east

coast of Baja California, Mexico, which is

I

superficially similar to E. greggii, most
notably in its pubescence and flower
color. All attempts at chromosome counts
for E. galioides have failed. The maroonish
flowers of E. preclarum are vaguely simi-

lar to those of E. ciliatum. and an unusual
collection which we have tentatively iden-

tified as E. hemipterum (see page 316).

At this point it is pertinent to remind
, the reader that Torrey and Gray (1870)

and Watson (1877) associated a part of

Pterogonum with species now placed in

Ganysma, and Stokes (1936) placed E.

inf/atum. another member of Ganysma,
with the species of Pterogonum.

Still, there are major differences be-

tween Pterogonum and Ganysma. Of
paramount importance is the straight

embryo of Pterogonum versus the curved
embryo of Ganysma. The pubescence
types seen in Pterogonum are not dupli-

cated in Ganysma, and the peduncles are

rather different. In Ganysma they are

usually short and slender and commonly
much finer than the associated branch
system. It is thought that their morpho-
logical origin is by a reduction of an entire

branching pattern, or by the extension of

a branching system by the formation of

an involucre-bearing peduncle in the axis

of a branch. In Pterogonum the morpho-
logical development of the peduncle

would seem much less sophisticated. In

most species of Pterogonum the peduncles

have a similar thickness when compared
with the branches, or only slightly less

thick. Likewise, the origin of the peduncle
seems to be either by the suppression of

a branching system in which a single

peduncle remains, or as an extension of

a bracted axil. Both conditions are evi-

dent in E. atrorubens; however, the sup-

pression of the branching system seems
to be most obvious in E. ciliatum and E.

greggii. In E. atrorubens no striking re-

duction can be seen except in the final

branch division, and in its var. nemoro-
sum, the inflorescence is as highly

branched as any species in Ganysma.
Thus, it seems that Pterogonum followed

it own line of development, coupling a re-

duction of branches with a reduction in

involucre-bearing peduncles, while prob-

ably the opposite is true in Ganysma.

The flower colors in Pterogonum are

shades of yellow or yellowish green or ma-
roon. Eriogonum (datum best illustrates

the yellow green shade with much lighter

shades of yellow to even pale white in E.

nealleyi and E. clivosum. A deep lemon
yellow flower color is found in E. hieraci-

folium. These shades of yellow are found

in a number of species in Ganysma and
are not restricted to any natural part of

it. The completely maroon flower color

so typical of some species of Pterogonum
is not found elsewhere in Eriogonum,
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5 mm

iFig. 54. lTivf)lu( i;il ;uhI flnr;il pints of Kriofio/iurn. A. /'.. (itrnrubrns viir. alrorubrns, Wislizcnus s.n.;

B. E. atrorubrns vjir. rufwslrr. Pririfilr 2S'); C. K. viscaitum. Lloyd t I(k D. F.. hirrncifnUiim. Hess S86;

E. E. hemiplrrum var. hemiptcruru, Hess 799; F. E. neallcyi, Hess 7S6- G. /•". ulaluni var. alatum,

Hess 874; H. E. olalum var ulabriusculum, Hess 507.
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except for the aforementioned E. preclar-

um from Baja California, Mexico. Even in

this species the flowers are much lif^hter

and diffused with yellow. The cream-
colored flowers characteristic of E. I'is-

canum and E. finilyriatum are also found
in some species of Ganysma.
The flower and involucre shape in the

plants of Pterogonum are similar to those

foimd in Ganysma. However, in Pterogo-

num the flowers and involucres are more
consistently alike than in any one group
in Ganvsma. Figure 34 illustrates some of

the involucres and flowers found in

Pterogonum. In general, the teeth of the

involucres appear less rigid and the

flowers are unspecialized with respect to

their morphology (which is most unlike

the species of Ganysma where some of

the most specialized flowers of the genus
may be seen) . Thus, in Pterogonum.
flower and involucre morphology are not

important taxonomic characteristics as

they are in some of the other groups in

Eriogonum.
In most of Eriogonum the achene mor-

phology is not an important taxonomic

characteristic in associating groups of spe-

cies into higher units of classification.

However, some trends may be seen which,
when used \\\xh. other features, may so-

lidify certain relationships. For instance,

the achenes of the subgenera Eriogonum
and Oliogogonum Nutt. are narrow, some-
what elongated, and variously pubescent, a

combination of characters not seen in

other subgenera of Eriogonum. The
achenes of Eucycla (Nutt.) Kuntze, Cla-

stomyelon Gov. & Mort., Ganysma, and
OregotiiiuTi (S. Wats.) Greene are all

essentially identical, except that those of

Ganysma have a somewhat more globose

base than most, while those of Oregonium
are often somewhat narrower than the ma-
jority. But in Pterogonum the achenes
are unique with morphology totally un-
like that found elsewhere in the genus,

except for their large size, which is evi-

dent in the subgenus Eriogonum and some
'Species of Oligogoruim (Fig. 35).

The fruit of Eriogonum alatum is the

most spectacular in that the entire body
of the achene is three winged. This ap-

jiears to us to be an advanced stage of evo-

5mm 5mm

3 mm

Fig. 35. Achene morphology of Eriogonum. A. E. alatum var. alatum., Hess 874; B. E. hieraci-
lolium, Hess 886; C. E. atrorubens var. atrorubens, Muller 3382; D. E. viscanum, Lloyd 116.
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lutionary development, for, in general, the
achenes of Pterogonum are only partially

wdnged or merely strongly ridged or
angled. These large, robust fruits are not
found in other species of Eriogonum, al-

though their large size is approached by
E. tomentosum Michx., E. longifolium
Nutt., and in certain taxa related to E.

umbellatum Torr. In all of these cases,

however, the achenes are smooth, narrow,
and not at all winged or strongly angled.
More than any other feature of Ptero-
gonum, it is the nature of the achenes
that is most characteristic of the group.
The significance of the enlarged fruit in

the evolutionary development of Pterogo-
num can only be conjectured. Most likely

the reduced number of flowers, involucres,

and branches, along with the rather xeric

environment common to most of the spe-

cies of Pterogonum, may have resulted
in the formation of a large, endosperm-
rich fruit. An abundant endosperm sur-

rounding a large, straight embyro should
be environmentally advantageous as a

means of survival for plants in which
few seeds are produced and precipitation
is seasonal and scarce. Whether this fea-

ture is "advanced" in Eriogonum. we are
not so certain, but it is specialized and
we think it is adaptively important.
Within Eriogonum the trend seems to

be toward a reduction in the amount of

endosperm present concomitant with a

curved embryo and an increase in the
number of seeds per plant. Because of
these trends, those extant members of

Pterogonum have most likely survived
a long evolutionary history, and we be-
lieve that the external seed morphology
represents a specialized development in a

group which is otherwise ratlier primitive.

The winged or ridged condition of the
fruit of Pterogonum may function as an
aid to seed dispersal, an adaptation im-
portant in the survival of the species and
the colonization of new localities. As the
fruits are relatively heavy, they do not
land on the ground much more than a

meter away from the plant. Once the
fruits have landed, they may be wind-
blown for some distances, particularly
those with broad wings like Eriogonum
alatum, tumbling along the ground's
surface until they become wedged. The
wings also increase the surface area of

the fruit without adding much weight.
thus enabling them to float more easily.

No doubt the intermittent and perma-
nent water courses have provided avenues
for a wider distribution of some of these

species. It is interesting that there does

seem to be a trend in which those species

with the broadest winged fruits have a

wider distribution than those species with
just ridged or angled margins of the fruits.

The importance of the ridged or angled
fruits in Pterogonum is probably not

nearly as great as is the case for those

species with the distinctly winged fruits.

Most likely these non-winged species have
survived better in the xeric condition of

northern Mexico because of their greater

seed size and endosperm amount and be-

cause the competition by other Eriogonum
species has not been so great.

The basis for our belief that Pterogonum
di^'erged early wdthin the evolutionary
history of Eriogonum is that there are

several features conmion to members of

this taxon and not with any of the other

subgenera. Reveal (1969a) has already

suggested that it is easy to suy)port the

relationship of all subgenera within Erio-

gonum except for two, the subgenera
Eriogonum and Pterogonum. These sub-

genera occur on the peripheral edge of

the range of the genus—one to the south

fPterogonum) and one to the east (Eriogo-

num) . In both cases the early divergence

occurred from the rest of Eriogonum when
,

the fragmentation of the major taxonomic
units (and very likely even before some
of the related genera) was taking place.

Pterogonum has enjoyed a long and suc-

cessful period of evolution divorced from
the majority of Eriogonum, and tlie same
is likely true for the subgcMuis Eriogonum
as well. Those two sul)genera have existed

for a long time, separated from the ma-
jority of Eriogonum. but having retained

many of the early characteristics of Erio-

gonum; yet they have specialized with

unique and unusual features found only

within their own taxa.

Taxonomy
F.riofionum Michx. subgenus Ptcroponum

(H. Gross) Rovoal

I''.ri(>n<)iiuni Michx. subg. Pterogonum (H. Gross)

KcvimI. Sida -5:82. 1967. liascd on Ptrrngonum
ir. Gross. Bot. .talirb. Syst. 4»):239. 191 S. I.ec-

l(il\|)(>: P. atrorubcns (Engolni. in ^Visliz.) H.
Crross E. alroruhrns Engolin. in ^^'isli7.., aS

proposed hv Robertv & Vautier, Boissiera 10:

107. 1954.
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Tall erect herbaceous perennials mostly
with a single stem arising from a deep,

often soft, woody, rarely chambered tap-

root, the plants (0.2)^0.5-2.5 m high;

leaves basal or basal and whorled or al-

ternate, the basal leaf-blades mostly
spathulate to oblaiiceolate or linear-

lanceolate to ovate, glabrous to densely
pubescent or glandular-pubescent, especial-

ly on the lower surface, or with ciliated

leaf margins, the cauline leaf-blades,

when present, similar to the basal ones
only narrower and shorter, usually ses-

sile; stems erect or nearly so, glabrous

or glabrate to silky pubescent or gland-

ular-pubsecent. fistulose in some; bracts

ternate, usually small, scalelike, connate
at the base; inflorescences mainly elon-

gated, open, long-branched paniculate

cymes or di- or trichotomously branched
cymes, or cymes with one side suppressed,

the branches glabrous to thinly pubescent,
fistulose in some; peduncles long and
slightlv curved, often stout; involucres

turbinate to campanulate, not angled or

ribbed, mostly 4-5 fS) lobed, the teeth

shallow, erect or slightly spreading, acute
to obtuse or truncate; flowers astipitate,

pubescent or glabrous, white or cream to

yellow or red to maroon, the tepals es-

sentially of equal size in most; achenes
winged or ridged, glabrous or pilose,

plump, and usually long exserted above
the tepals; embryo straight, endosperm
copious.

Dry to mesic desert valley grasslands,

foothills, and mountain ranges from Wyo-
ming. Nebraska, and Utah southward
through western Kansas to western Okla-
homa, and in Arizona, New Mexico, and
Texas southward into Mexico from Chi-
huahua to Zacatecas and Coahuila to

Nuevo Leon, from 100 to 3100 meters
elevation. Flowering mainly in the late

summer and fall of the year.

The center of distribution for the sub-
genus is most likelv northern Mexico,
since the greatest number of distinct taxa
are found there within the mountains
and the dry foothills of the desert ranges.
Northward from Mexico the number of

taxa decline, but the extent of their dis-

tribution increases. The northward migra-
tion of the subgenus probablv occurred
during the madro-tertiary geoflora (Axel-
rod 1958) or even during the late Pleisto-

cene. Subsequent adaptations from a
j northward migration might be evidenced

by Erio<i()nutti alatum with its monocarpic
habit and broadly winged achenes.
The section Pterogonum is restricted to

the mountains and dry hillsides of north-

ern Mexico and is composed of five spe-

cies in tw^o subsections. Within the sub-

section Pterogonum the shortened axis

and a complex inflorescence branching
pattern is epitomized. Its single species

Rriogonum atrorubens is found in the

greatest ecological diversity, no doubt at-

tributing to a polymorphic condition and
resulting in our recognition of five va-

rieties. Throughout its range, however,
the much-branched, spreading inflores-

cence is typical of the plants, and the

greatest variation is expressed in the leaves

and flowers.

The other four species are placed in the

subsection Adenogonum. Three. Rriogo-

num clivosum. E. viscanum. and E. fim-
briatum. form a tightly knit group of low%

xerophvtic plants found on gypsophilous
outcrops at widely scattered locations in

northern Mexico. The fourth species, E.

ciliatum. is easily distinguished from the

other by a series of features. Unlike the

gypsophilous species of Adenogonum. E.

ciliatum is found in the lower foothills

usually associated with pinyon-juniper
woodlands on calcareous soils. The flowers

of E. ciliatum are maroon like those of E.

atrorubens. and unlike the cream-colored
flowers of the other Adenogonum species.

Yet, these flowers have a large, yellowish
central portion of the floral tube. Thus,
morphologically as well as biologically,

the flowers of E. ciliatum are more similar

to those of Adenogonum than Pterogonum.
The inflorescences of Adenogonum may be
moderately branched as in E. clivosum,
or reduced with three to five divisions as

in E. fimbriatum. or one to three divisions

as in E. ciliatum. I^astly, as the sectional

name implies, the nodes are glandular in

all of these species except E. clivosum.
Eriogonum greggii is the only species

of the section Peregrina and. except for

an outlying population in Hidalgo Coun-
ty, Texas, occurs mainly on the desert

ranges and foothills of the Sierra Madre
Oriental in northeastern Mexico. This
species is readily distinguished in the sub-

genus bv the presence of whorled leaves

in the bracts at each node, its dichoto-

mously branched inflorescences which
have one side suppressed (monopodial),
and its generally glandular-puhescent
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Map 2. Distribution in iiortlieiTi Mexico of Eriogonurii cilia/uni (closecl circlos); E. fimbrintum
(open box); E. viscanum (open circles); E. clivo'iurn (.solid boxes); and A', grcgpii (triangles).

stems and branches. It is most closely re-

lated to members of Adenogonum, as both
groups share the broadly laminar petiole

of the basal leaves and a greatly reduced
inflorescence. However, we believe there

is ample justification for the separation

of E. gregfj^ii from the other members of

Adenogoiuim based on the aforomentionod
mori)h()logi( a! distinction and the nni(]ue

chromosome number of n=16.
We compared the taxa of sections

Pterogonum and Peregrina based on the
presence or absence f)f "53 characteristics.

From these data we determined the per-

centage of shared characteristics and

charted the results in P'igure S(i. We (hipii-

cated the same j)roce(kires with tlie taxa

in sections Astra and Alata, again using

3 5 characteristics (Fig. 37). We have at-

tempted to illustrate the evolutionarN re-

lationships of thes(> taxa in the proposed

plnlogeneti( scheme in which two major
lines of d(>\elopment are evident ( I*'ig-

5(S). In one line of evolution it would ap-

pear tiiat subsection Adenogoniun and sec-

tion Peregrina are apj)roximately equi-

distant from subsection Pterogonum but

at different angles. In the other offshoot

an early dichotomy residted in the diver-

gence of sec tioji Alata from flic other spe-
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E. alatum

E. ciliatum E. greggii

E. fimbriatum

E. hieracifolium

E. viscanum

Subsection
Adenogonum

E. nealleyi

E . atrorubens

Pterogonuni Ancestor

Fig. 38. A phylogenetir scheme for the species within subgenus Petrogonum.

cies in section Astra. These last two sec-

tions differ from the former ones, pri-

marily in having stems with alternately

arranged cauline leaves.

Only the widespread Eriof^nnum alatutn

is contained wdthin the section Alata. Mor-
phologically, this species is not unique ex-

cept for two characteristics, monocarpy
and distinctly winged fruits. Monocarpy
is known nowhere else in the genus Erio-

ponum. It may he appropriate, in the

determination of evolutionary relation-

ships, to weigh various characteristics

equally; hut it is, nevertheless, most dif-

ficult for us to keep from emphasizing
such a complex characteristic as the mono-
carpic habit and the occurrence of its

mam unknown changes. Because of the

wide geographic range of E. alatuin. it

would seem that tiie moiiocar[)ic (ondition

occurred early in its evolution, and. per-

haps, concomitant with this adaptation it

was able to exploit widespread environ-

mental conditions. We belie\e the large,

distinctly winged fruit of A', (ilatiini is

another unicjue (and ()ossibly highly

specialized) feature. No other members
of the subgenus have achenes that are

completelv winged nor even shaj)ed like

those of E. (ilaturn, and certainly this fea-

ture would be an advanced character over

the non-winged character. As is usual,

once a species has become established, its

evolution proceeds along lines indepen-

dent of the pressures subjected to the other

( losely related taxa.

The three species of section Astra are

more restricted in distribution and occur

in a more xeric habitat than Eriogonum
alntum. Similai- to those species of sub-

section Adenogoiunn. these taxa have also

evolved into tnore sjiecialized units, most

likcU' in response to the desert and foothill

environments of northern Mexico and

i'exas (see Axelrod 19'i8 for a more de -

tailed discussion of this phenomenon). In

this section we charact(>rize E. Jurraci-

fo/iurn as the central line of development,

uith /'.'. hcrniptcrurti and E. iicdUcyi as

offshoots. ('ei-tainJN. the more widely

r-anging disti-ihution of A', hicrdcifolium
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in the more niesic regions and its more
general morphological characteristics tend

to support this suggestion. The restricted

range in xeric sites of E. hemipterum, its

shortened inflorescences, and its smaller

maroon (or nearly so) flowers suj)port its

divergency from E. hicracifolium. Eriogo-

nurn ncallcyi occurs in the most xeric

habitat of all the members of Astra and re-

flects this condition by its convergence in

appearance to E. alatum var. glahrius-

culum Torr. in Whipple. However, no
direct relationship exists with var. gla-

briusculum, and we believe characteristics

such as the branched caudex system,

flower morphology, and fruit type, which
are shared with E. hieracifolium and E.

hcmipterum^ are more significant. This

species is certainly more distinctly unique
than the others in Astra and would seem
to be early evolved off the E. hieracifolium

line.

Map 3. Distribution of Eriogonum hieracifolium (solid circles); E. hemipterum var. hemipterum
(solid triangles); E. hemipterum var. griseum (open triangles); and E. nealleyi (solid boxes).
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Map 4. DistriljutuHi ol I'.no^ninun iilaluni showing var. aldtuni (_ solid cirrles); var. motiolh'nse

(open circles); and var. ulabriusculurn (solid l)oxes).
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AA.

Key to the Sections

Leaves strictly basal, or if a})})oariiig to he caiiline, then arranged in

the axils of bracts; stems often glandular-puljescent at least at the nodes;

plants mostly of Mexico.

B. Leaves strictly basal, not glandular; stems erect, glabrous or

glandular only at the nodes; inflorescences open, with elongated

branches; flowers maroon to cream colored, glabrous or thinly

pubescent I. Sect. Pterogonum
BB. Leaves basal with whorled cauline leaves arranged in axils of

bracts at each node, the leaf-blades glandular as well as pubescent;

stems suberect or spreading, densely glandular-pubescent; inflores-

cences with one side suppressed, not open or with elongated

branches; flowers white, densely strigose IL Sect. Peregrina

Leaves basal and alternately arranged on the stem; stems glabrous to

strigose, not glandular; plants mostly of the United States.

B. Plants from branched caudices; achenes distinctly ribbed or winged
only along the upper half; flowers deep yellow, cream white, or

maroon; long-lived perennials IIL Sect. Astra

BB. Plants from a deep, soft, often chambered taproot; achenes distinct-

ly winged the entire length; flowers greenish yellow; monocar-
pic perennials IV. Sect. Alata

L Eriogonum sect. Pterogonum

Eriogonum Michx. subgen. Pterogonum (H.
Gross) Reveal sect. Pterogonum.

Moderately tall, mostly erect perennial
herbs, usually but not always with a single

stem arising from branched caudices, gla-

brous and glaucous, or with stipitate

glands at or near the nodes; leaves basal,

oblanceolate to oblong or spathulate, gla-

brous on both surfaces except for ciliated

margins, or thinly strigose on both sur-

faces, or tomentose below; bracts ternate.

mostly scalelike, connate at the base;

inflorescences open, paniculate cATiies with
few to many di- and trichotomous
branches; peduncles long and usually
stout; involucres turbinate to campanu-
late, the (4) 5 (8) teeth acute to truncate,

the bractlets linear-oblanceolate, glabrous
or glandular, usually ciliolate. the pedicels

glabrous; flowers maroon, cream, or white,
the tepals glabrous or sparsely pubsecent;
anthers pur])le to red or yellowdsh;
achenes slightly \\nnged or ridged the en-
tire length, glabrous.

The section Pterogonum is composed
of two groups which differ primarily in

the type of inflorescence development.

vestiture, and habitat. The subsection

Pterogonum is monotypic and ranges

from the New Mexico-Mexico line south-

ward to Durango mainly in the pine-oak

and pinyon-juniper woodlands, with an
isolated population in pine woodlands in

Zacatecas, and a major center in the high

mountains of northeastern Mexico. These
plants all have a densely branched in-

iFlorescence, glabrous stems and branches,

and distinctly petiolate leaf-blades. The
second subsection, Adenogonum, contains

four species, three of which occur on
g^'psum outcrops in isolated locations in

north central Mexico. The majority of

these sites are in broken scrubland com-
munities often dominated b}' Larrea. These
plants all have highly reduced inflores-

cences composed of only a few branches,

stems which are either glabrous or gland-

ular at least at or near the nodes, and
leaves which have broadly laminar pet-

ioles. Eriogonum ciliatum. the fourth spe-

cies of the subsection, is similar in aspect

to the others except that it occurs in both

pinyon-juniper and grassland commun-
ities, and usually on limestone soils, and
has maroon instead of cream-colored

flowers.

Key to the Subsections

Inflorescences of numerous branches, the stems reddish, glabrous, and
glaucous; flowers maroon; leaves distinctly petiolate in most; wide-
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spread in northern Mexico, mainly in the Sierra Madre Occidental and
Oriental A. Subsect. Pterogonum

AA. Inflorescences of few branches, the stems whitish or greenish, or, if red-
dish, then glandular; flowers white or cream, or, if maroon, then with
a bright yellow central portion within; leaves with a broadly laminar
petiole; in isolated and scattered places mainly at low elevations in
north central Mexico, or in the foothills of Sierra Madre Oriental of

northeastern Mexico B. Subsect. Adenogonum

lA. Eriogonum subsect. Pterogonum

Eriogonurn Michx. sect. Pterogonum (H. Gross)
Reveal subsect. Pterogonum (H. Gross) Hess
& Reveal, stat. nov., based on Pterogonum H.
Gross, Bot. Jahrb. Syst. 49:239. 1913. Lecto-
type: P. atrorubens (Engelm. in Wisliz.) H.
Gross = E. atrorubens Engelm. in Wisliz.,
selected bj^ Roberty & Vautier, Boissiera 10:

107. 1964. Tliis new status is made in accor-
dance with Article 22 of the current Interna-
tional Code of Botanical Nomenclature (Sta-
fleu et al. 1972).

Plants tall, 4-10 (12) dm high; leaves
oblanceolate to elliptic or linear, 2.5-15
cm long, on distinct petioles in most;
stems erect, slender and occasionally fis-

tulose, glabrous and glaucous; inflores-

cences open, densely branched in most,
glabrous; flowers maroon, glabrous or
thinly pubescent.

A monotypic group containing only
Eriogonum atrorubens.

1. Eriogonum atrorubens Engelm.
in Wisliz.

Figs. 39, 40, & 41.

Tall, erect herbaceous perennials 4-10

(12) dm high from a short, compact,
branched, woody caudex; leaiH's basal, the
leaf-blades linear, oblanceolate, lanceolate

or oblong to elHptic, (2.5) 4-12 (15) cm
long, 0.3-3 cm wide, sparsely to densely
strigose on both surfaces and greenish
above, or densely grayish-tomentose below
and strigose and grayish or greenish above,
glabrous and greenish on both surfaces in

some, the margin and midribs ciliated or

sparsely i)ubescent, the a[)ex mostly acute
to slightly obtuse, the base long cuneate
in most, tapering gradually to an indis-

tinct petiole only in \ ar. nemorosum, the
petiole 1-8 (12) cm long, - winged in

some, glabrous to strigose or tomentose,
the petiole-base strigose to villous or gla-

brous without, glabrous within; sterns

erect, often solitary, 1-4.5 dm long, slen-

der and sometimes fistulose at the first

node, glabrous and glaucous; inflores-

cences open, cymose, (1.5) 3-8 dm long,

the numerous branches mostly spreading,

trichotomously branched at the first node,
di- or trichotomously branched above, with
an involucre-bearing peduncle in the fork

of each axis, glabrous and glaucous;

bracts scalelike, ternate, 1-5 mm long, or

linear-lanceolate and 5-10 (15) mm long,

becoming strongly reduced in size at the

uppermost nodes, sparsely pilose to stri-

gose, especially within and along the mar-
gin, infrequently glabrous without, con-

nate at the base; peduncles ascending to

erect, straight or slightly curved upward-
ly all along their length", (1) 2-8 (12) cm
long, glabrous; involucres solitary, tur-

binate to turbinate-campanulate, (1) 1.5-

4 (4.5) mm long, 1-2.5 (3) mm wide,

glabrous without, glabrous within except

for the sparsely ciliated margin with
curled hairs or small glands, the (4) 5 (8)
rounded or truncate or acute teeth 0.4-1.5

mm long, the bractlets linear-oblanceolate

to oblanceolate, 1-3.5 nmi long, glabrous

or ciliate and minutely glandidar, the

pedicels 1.5-5 (6) mm long, glabrous;

flowers maroon to red or purple, often

with a dark green or reddish midrib, (1)

1.5-3 mm long in anthesis, becoming 3-6

mm long in fruit, glabrous or strigose

without, essentially glabrous within, the

tepals essentially monomorphic, spathu-

late to oboA ate or infre(]ueiitly lanceolate,

connate at the base; stamens slightly ex-

serted, 1.5-5 mm long, the filaments gla-

brous, the anthers maroon to reddish pur-

ple or yellowish; achenes light greenish

brown to brown, (2) 3-5.5 nnn long, 2-3.5

mm wide, ovate, slightly 3-winged or

ridged the entire length.

Tiifr('(]uent to locally common on ex-

posed meadows, grassland, and j^Iains, or

in j)inyon-juniper, [)ine-oak, or pine

\voo(llands, or rarely in desert scrublands,

in the Sierra Madre Occidental from ex-

treme Jiortherii Chihuahua and Sonora I

southward to central Durango. and in the

Sierra Madre Oriental of southea.stem
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Coahuila and adjacent Nuevo Leon, with

isolated populations near Chihuahua in

central Chihuahua and near Sombrerete

in west central Zacatecas, Mexico, from
1500 to 2750 m elevation (Map 1). Flow-
ering mostly from Tune to October (No-

vember) .

This species was reviewed by Reveal

(1967a) at which time he proposed the

subgeneric name Pterogonum and de-

scribed two varieties of Eriogonum atro-

ruhpTTs. Aar. pseudociliaturn and var. in-

tonsum. Hess (1967) essentially agreed

with this treatment except to point out

that the material from the Sierra Madre
Oriental probably represented another va-

riety (here j)roposed as var. aiiritulurn)

.

Both of us noted the probable reduction of

E. rupestre to the varietal rank under E.

ntroruhens. and this combination is hereby
proposed. In our original studies, we were
handicapped by a lack of field experience

with E. atroruhens. A major part of our
joint field effort has gone into a detailed

review of this species, and this has re-

sulted in some modification of both our
1967 papers. In addition, we have dis-

covered a new taxon, var. nemorosum.

Key to the Varieties of E. atroruhens

A. Flowers glabrous.

B. Leaf-blades oblanceolate, lanceolate, or oblong to elliptic (2.5) 4-8

(10) cm long, (0.5) 1-3 cm wide; involucres 1.5-4 (4.5) mm long.

C. Leaves glabrous or merely sparsely pubescent on both surfaces.

D. Leaves pubescent at least on the lower surface, the hairs

becoming sparse as the plant matures in some.

E. Stems usually strongly fistulose; leaves mostly 4-8

(10) cm long; plants of Chihuahua, Sonora, and Za-

catecas - la. var. atroruhens

EE. Stems not fistulose; leaves mostly 2.5-4 (6) cm long;

plants of Coahuila and Nuevo Leon
lb. var. auritulum

DD. Leaves bright green and glabrous on both surfaces ex-

cept for the ciliated margin and midvein; plants of central

Durango .- Ic. var. pspudociUatum

CC. Leaves densely tomentose below, densely strigose above; plants

of extreme northern Durango and adjacent southern Chihua-
hua Id. var. intonsum

BB. Leaf-blades lienar, (4) 6-12 (15) cm long, (0.2) 0.3-0.7 (0.9) cm
wide; involucres (1) 1.5-2 (2.5) mm long; northern Durango and
southern Chihuahua le. var. nemorosum

AA. Flowers strongly strigose without; plants of low desert ranges east and
northeast of Chihuahua. Chihuahua If. var. rupestre

la. Eriogonum atroruhens var.

atroruhens

Figs. 39a. b. c. d

Eriogonum atroruhens Engelm. in Wisliz., Mem.
Tour North. Mex. 108. 1849.—On the banks
of the streamlets at Cusihuiriarhic (originally

Cosihuiriachi). Chihuahua, Me.xico. 19 Sep
1846. Wislizenus 172. Holotype: mo! Isotypes:

GH, ISC. MO. ny!—Pterngonum atroruhens
(Engelm. in Wizliz.) H. Gross. Bot. Jahrb.
Syst. 49: 239. 1913.

Plants erect, 5-10 (12) dm high; leaves

lanceolate or oblong to narrowly elliptic,

mostly 4-8 (10) cm long, 1-3 cm wide,
strigose on both surfaces, often slightly

more so below than above, becoming
nearly or quite glabrous in fruit; stems
usually fistulose; involucres turbinate to

turbinate-campanulate, 1.5-4 (4.5) mm
long, 1-2.5 (3) mm wide, the bractlets

often hirsutulous and/or glandular:

flowers glabrous; n = 20 (Figs. 1, 2).

Locally common in exposed grassy

meadows. f)lains. or scattered pinyon-

juniper woodlands on the lower foothills

and slopes of the mountains of western
Chihuahua from south central Chihuahua
northward in the Sierra Madre Occidental

to just south of the United States bound-
arv in western Chihuahua and eastern
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Fig. 30. Illustration of F.rioponum atrorubens showing habit of var. alrorubrns (A), a single plant
in detail (B), an involucre and flowers (C), and a mature achene (D). Erioponum (ilrmubrns var.
auntulum is shown in K (involucre and open flowers) and F (leaf). Kriofionuni atrorubens var.
m/onsum (G) illustrates the lower surface of the leaf-blade. Eriunonurn atrorubens var. pseudo-
ciliatu/n (H) illustrates the leaf-blade.
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Sonora, and in a single location northwest
of Sonibrerote, Zacatecas, Mexico, mostly
below 2150 ni elevation. Flowering from
June to November.

Represent.\tive coilections: MEXICO: Chi-

huahua: Cajuiichi, Rio Mayo. 3 Sep 1936,

Gentry 2709 (ariz, gh, mo, ny, uc, us); San
Diego Canyon. 16 Sep 1903, M. E. Jones s. n.

(c.\s, Ds. MiN. MO. NY. POM. us) ; Sierra Madre,
2 Oct 1887, Pringle li57 (gh. isc. min. mo,
NDG, NY, uc, us); 10 mi W Cuauhtemoc. 13

Aug 1971, Reveal et al. 2757 (ariz, bry, cas,

GH, ISC, MEXU, MICH, MO, NY, OKL, RSA, SMU.
TEX, uc, UTC, WTu); 12 mi NE Zaragosa, 10

Sep 1972. Reveal & Hess 2986 (bry, cas. gh,
MEXU. MO. NY, UC. US, UTc). Sonora: Base of

San Luis Mts., 5 Sep 1893. Mearns 2123 (ds,

GH, NY, us). Zacatecas: 9 mi NW Sombrerete,
26 Sep 1948, Gentry H4S4 (ahfh, gh, us).

The var. atroruhens. as now^ defined,

includes only those plants of the species

which occur principally in grassy areas in

the lower foothills of the Sierra Madre
Occidental and those which are found in

open pinyon-juniper woodlands in adja-

cent mountain ranges. The plants found
in the grassy plains are typical of the spe-

cies and may be distinguished by their

large, strigose leaves and fistulose stems
and branches. The plants which occur at

a slightly higher elevation and in more
xeric sites usually have leaves that are not

as pubescent (and in fact may be nearly
glabrous in fruit) and stems that are not

as obviously inflated.

lb. Eriogonum atrorubens var. auritulum

Hess & Reveal

Fig. 39e. f

Eriogonum atrorubens Engelm. in Wisliz. var.

auritulum Hess 8z Reveal, var. nov.—A var.

atrorubens foliis strigosis et caulibus gracilibus
differt.—Typus: Along Nuevo Leon Highway
68. 13 mi S Nuevo Leon Highway 60, 3

mi S Pablillo. on limestone hills associated

with Quercus and Pinus at about 2075 m ele-

vation. Nuevo Leon, Me.vico, 18 Sep 1972,

Reveal & Hess M49. Holotype: us! Isotypi:

ARIZ, BRY. CAS. GH. K. MEXU. MICH, MO, NY.
TEX, UC, UTc!

Plants erect, 5-10 dm high; leaves

lanceolate to narrowly oblong, mostly 2.5-

4 (6) cm long, 1-3 cm wide, strigose on
both surfaces, often slightly more so below^

than above; stems not fistulose; involucres
turbinate, 2-3.5 mm long, 1.5-3 mm wide,
the bractlets often hirsutulous and/or
minutely glandular; flowers essentially

glabrous, or rarely wdth a few scattered.

minute, thin, pilose hairs without; ^=20
(Figs. 3, 4).

Locally infrecjuent to rather rare in

heavily wooded pinyon-juniper and oak
woodlands in the mountains of southeast-

ern Coahuila and adjacent Nuevo Leon,
mainly in the Sierra Madre Oriental,

from 1,800 to 2,600 m elevation. Flower-
ing from May to October.

Rei'rksentative COLLECTIONS: MEXICO: Coa-
huila: S of Saltillo, 25 Jul-1 Aug 1880, Palmer
1175 (gh, NY, p, us); Sierra Guadalupe, S of

La Cuchilla, 15 Jul 1934. Pennell 1737S (ny).
Nuevo Leon: Las Canaos on Cerro Potosi,

1 Jul 1935, Mueller 218-1 (ariz, cas, gh, mo,
NY, TEx); 1 mi S Pablillo, 6 Aug 1971. Reveal
et al. 2651 (ny, us, utc).

The var. auritulum is morphologically
similar to the montane forms of var.

atrorubens. In general, those plants of

var. atrorubens have stems that are not

strongly inflated and occur in pinyon-
juniper woodlands—much like the situa-

tion found in var. auritulum. However,
the latter never has inflated stems and
branches, the plants nearly always occur
under the forest canopy, and the leaves

are always pubescent. These minor fea-

tures, coupled with the strong geographi-
cal separation, has led us to distinguish

between the two. The geographical dis-

tance between var. auritulum and var.

atrorubens, which Reveal (1967a) as-

sumed might be closed with more field-

work, has remained distinct.

The flowers of the new^ variety oc-

casionally have what appear to be minute,
sunken, whitish glands. These are usually

seen only in fresh material, but occasion-

ally we have noted them on dried speci-

mens. Similar glands have not been seen

in the other forms of Eriogonum atro-

rubens. It should be noted, too, that on a

few individual plants there are flowers

with thin pilose hairs. These hairs are not
as prominent nor as abundant as those

found in var. rupestre.

Ic. Eriogonum atrorubens var.

pseudociliatum Reveal

Fig. 39h.

Eriogonum atrorubens Engelm. in Wisliz. var.

pseudociliatum Reveal. Sida 3:85. 1967. — Oti-

napa NW of Ciudad Durango. Durango,
Mexico, 25 Jul-5 Aug 1906, Palmer 382. Holo-
type: us! Isotypes: gh. k. mo. ny, uc!

Plants erect, 5-8 (10) dm high; leaves

mostly elliptical, 4-8 (10) cm long, 1-3

kl
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cm wide, glabrous and bright green on
both surfaces or with a few scattered hairs

above, the midvein and margins ciliated;

stems usually fistulose; involucres turbi-

nate-campanulate, 2-4 mm long, 2-3 mm
wide, the bractlets glabrous or glandu-
lar; flowers glabrous; /2= 20. (Figs. 5, 6).

Locally common in grassy meadows
and in open pine-oak forests in the Sierra

Madre Occidental of central Durango,
Mexico, from 2400-2600 m elevation.

Flowering from June to September.

Representative collections: MEXICO: Duran-
go: 63 mi W Ciudad Durango, 28 Jun 1950.
Maysilles 7184 (duke, ny, tex, us); El Salto.

12 Jul 1898. Nelson 4552 (gh. us); 6.5 mi E
Llano Grande. 9 Aug 1971, Reveal et al.

2697 (bry, c.\s, gh. mexu, mo, ny, rsa. uc.
us. UTc) ; 34 mi W Ciudad Durango, 1 1 Aug
1956, Waterfall 12653 (ariz. tex, uc).

As now defined, the var. pseudociliatum
is restricted to the central Sierra Madre
Occidental in Durango. As noted above
under var. atrorubens. those plants of

Chihuahua previously referred to this

variety by Reveal n967a) have been
transferred to the typical variant. As now
restricted, var. pseudociliatum includes
only those plants with bright green and
usually totally glabrous basal leaves.

Id. Eriogonum atrorubens var.

intonsum Reveal

Fig. 39g.

Eriogonum atrorubens Engelm. in Wisliz. var.

intonsum Reveal. Sida 3: 86. 1967.—Inde, Du-
rango, Mexico, Aug. 1927, Reko 5239. Holo-
type: us!

Plants erect, 5-10 dm high; leaves
mostly narrowly elliptic to narrowly ob-
long, 4-10 (12) cm long, 1-2.5 (3) cm
wide, densely grayish-tomentose below,
densely strigose above; stems usuallv
strongly fistulose; involucres turbinate,
1.5-3 mm long, 1-2 mm wide, the bractlets

glabrous, hirsute, or glandular; flowers
glabrous; n=^0 (Figs. 7, 8).

Locally common on high mountain
grassy plains, meadows, and in open f)ino-

oak woodlands in the Sierra Madre Occi-
dental of northern Durango and adjacent
southern Chihuahua, Mexico, from 1550 to

2350 m elevation. Flowering from .Tuh
to October.

Representative collections: MEXICO: Cliiliua

hua: Norogadiic. 13-25 Nov 1885, Palmer JJ

(gh); Pawiciki, 13 Jul 1965. Pennington 547
(tex). Durango: 5.5 mi E Ojito. 11 Aug 1971,
Reveal et al. 2733 (ariz, bry, cas. gh, kans.
KSC, MEXU, MICH, MO. NY, OKL, OSC, RM, RSA,

TEX, UC, US, UTC, wtu); 1 1 mi W Ojito, 16
Sep 1972, Reveal & Hess 3126 (bry, ny, us,

utc).

Since this variant was described in

1967, we have seen numerous collections,

many of them gathered by ourselves. Not
suspected then was the cytological nature
of var. intonsum. In a routine manner,
buds of var. intonsum were gathered in

1971, and counts were made during the
following winter. With the discovery that

var. intonsum represented an octoploid

(/2=40), we returned to the Ojito area
west of Hidalgo del Parral, and carefully

searched for possible parental sources of

what we came to suspect was an auto-

allopolyploid origin of var. intonsum. The
dense tomentum associated with the nar-

row leaves lead us to suspect that one
parent was var. nemorosum which we had
found in 1971, just to the west of var.

intonsum. A series of populations of both
varieties were sampled, and var. nemoro-
sum proved to be a consistent tetraploid

(/2 = 20), and var. intonsum an octoploid.

No chromosomal irregularities were noted
in either taxon. However, populations of

what we suspected was the other parent,

var. atrorubens, could not be found in

the immediate area, nor even in the foot-

hills around Parral. Nevertheless, we still

feel that var. intonsum quite possibly is of

a hybrid origin and is now a stable, self-

reproducing taxon.

le. Eriogonum atrorubens var.

nemorosum Hess & Reveal

Fig. 40

Eriogonum atrorubens Eiipoliu. in Wisliz. var.

nemorosum Hoss & Reveal, vai-. nov.—A var.

atrorubens foliis linearihus et tonu^ntosis subra
et a var. intoso foliis angustioribus differt.

—

Typus: Along tlio diit road fioin Hidalgo del

Parral fowai'd El Vergel out of vSiui Fi'ancisco

del Oro, about 60 mi W Parral and 18.5 mi
W Ojito. Sierra Madre Otridental. Durango,
Mexico, at about 2450 m elevatioTu 11 Aug
1971. Rereai Hess. & Kiger 27^7. Holotypus:
Its! Isotypi: ariz. asu, bry, ca,s, coi.o. gh, k,

KANS, KSC, MEXU, MICH, MO, OKI,, OSC, P, RM,
USA, SMU, TEX, VC. UTC, WTU

!

Plants erect, 4-6 dm high; leaves linear,

(4) 6-12 (15) cm long, (0.2) 0.3-0.7

(0.9) cm wide, sparsely strigose and
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» ^If .^
/•l^st^ation of Eriogonum atrorubcns var. nrmorosum showing the general habit (A) anda detail of a single plant B) with close-up detail of the lower loaf surface, an involucre and flowers

l,Vj;, and a mature achene (D).
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greenish above, densely grayish-tonientose

below; stems weakly fistulose in some;
mL'o/wcrt'.y turbinate-campanulate, (1) 1.5-

2 (2.5) m long, 1-2 (2.5) mm wide, the

bractlets slightly hirsutulous and distinctly

glandular; flowers glabrous; n= 20 (Figs.

9, 10).

Locally common in pine-oak woodlands
on the forest floor or on rocky limestone
outcrops, in the Sierra Madre Occidental
in northern Durango and extreme south-

ern Chihuahua, Mexico, from 2400 to

2600 m elevation. Flowering from late

July to October.

Representative collections: MEXICO: Chihua-
hua: 69 mi W Parral. 7 Oct 1969, Correll &
Gentry 22885 (encb) ; on road toward Campo
Alegre. 6.1 mi W Agua Caliente 15 Sep 1972.
Reveal & Hess 3121 (bry. mexu, ny. us. utc).
Durango: 25.1 mi W Ojito, 15 Sep 1972,
Reveal & Hess 5105 (bry, ny. us, utc); 17.9

mi W Ojito, 16 Sep 1972, Reveal & Hess 3124
(aRIZ, bry, CAS, GH, MEXU, MICH, MO, NY, OKL,
RSA, TEX, UC, US, UTC).

The var. nemorosum differs from var.

atrorubens in being a smaller plant with
long, slender, linear leaves that are gray-
tomentose on the lower surface, and in a

number of features relating to the size and
shape of the involucre, flowers, and fruits.

It occurs in more shaded and mesic lo-

cations than does var. atrorubens^ and
generally (although not always) occurs at

a higher altitude. It has not been found
with, or near, any known population of

var. atrorubens. The new variety is also

similar to var. intonsurn, differing mainly
in leaf shape and the overall size of the
plants. Although the two occur in the same
general region of Mexico, the var. inton-

sum is found at a lower elevation and on
much drier sites. We have noted no over-

lap in the range of the two varieties.

If. Eriogonum atrorubens var. rupestre

(S. Stokes) Hess & Reveal

Fig. 41.

Eriognnum atrorubens luigelm. in Wisliz. var.

rupestre (S. Stokes) Hess & Reveal, stat. &
comb, nov., based on E. rupestre S. Stokes,

Gen. Eriog. 21, 1936.-—Rocky limestone slopes
near Chihuahua. Chihuahua. Mexico, Aug
1885, Pringle 285. Holotype: uc! Isotypes:

BM, BRY, DS, E, F, G, GH, ISC. K, MIN, MO. NY.
P, PENN, PH, RSA, us, Vt!

Plants erect, 4-9 dm high; leaves oblong
to oblanceolate, 4-10 cm long, 1-2.5 cm

wide, densely strigose on both surfaces;

sterns not fistulose; involucres turbinate-

campanulate, 1.5-2 mm long and wide,

the bractlets fringed with scattered hya-
line hairs and shorter, capitate, gland-

tipped hairs; floivers densely strigose with-

out.

Apparently local and infrequent, re-

stricted to low, dry, rocky limestone out-

crops in the desert ranges of east central

Chihuahua, just northeast and east of Chi-

huahua, Mexico, from about 1600 to 2000
m elevation. Flowering from June to

September.

Representative collections: MEXICO: Chihua-
hua:" Galdeano. E slope of Sierra de Santa
Eulalia, 11 Sep 1934, Pennell 18673 (ny.
us) ; 4 km SE Rancho Encinillas, Sierra de

Encinillas, near Fierro, 8-9 Jul 1941, Stewart
760 (GH, TEX).

We have not seen the var. rupestre in

the field, although we have explored in

the mountains around Chihuahua in

search of it. We both observed in our
1967 papers on this species complex that

Eriogonum rupestre ought to be considered

a variant of E. atrorubens, echoing an
opinion expressed long before us by Johns-
ton (1944). Still, we have been reluctant

to reduce the species until we saw the

plants in the field. Now we are making
the reduction in spite of our lack of first-

hand knowledge, feeling that the one
major discriminating feature—the pubes-

cent flowers—is not enough to maintain
this as a distinct species.

IB. Eriogonum subsect. Adenogonum

Eriogonum Michx. sect. Pterogonurn subsect.

Adenogorutni Hess & Reveal, subsect. nov.—

A

subsect. Plerogorio pefiolis late laniinaiibus et

inflorescontiis e non nisi aliquot lamis (Hffert.

Typus: Eriogonum cilialum Toir. ex Benth.

hi DC.

Plants of moderate height, 2-6 dm high;

leaves oblanceolate^ to elliptic or spathu-

late, 1-5 cm long. 0.5-2.5 cm wide, usually

on broadh laminar petioles; sterns erect,

slender, glabrous or more frecjuently

glandular at least at the nodes; inflores-

cences o[ien, sparsely branched, glabrous

or glandular at the nodes; flowers white
to cream-colored, or if maroon, then witli

a bright yellowish center within, glabrous

or glandular.

A subsection of lour species.
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Fig. 41. Illustration of Eriogonum atrorubens var. rupestre showing the general habit (A.) and a de-
tail (B) of a single plant, with an involuci'e and strigose flowers (C), and a mature achene (D).
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Key to the Species of Subsect. Adenogonum

A. Flowers maroon; plants of the foothills along the western slope of the

Sierra Madre Oriental and associated desert mountain ranges in Nuevo
Leon, Coahuila, Tamaulipas, and San Luis Potosi, Mexico 2. E. cilintum

AA. Flowers white or cream-colored; plants of low desert ranges in gypso-
philous area.

B. Nodes and some branches glandular; tepals minutely glandular:

inflorescences of 1-4 divisions.

C. Leaves elliptic, 1-2 cm long, 0.8-1.2 cm wide, glabrous ex-

cept for the ciliated margins; plants of Nuevo Leon
3. E. fimbriatum

CC. Leaves narrowly oblanceolate to narrowly elliptic, L5-4 cm
long, 0.5-0.9 cm wide, villous; plants of Zacatecas and San Luis
Potosi 3. E. viscanum

BB. Nodes and branches glabrous; tepals glabrous; inflorescences of 3-5

divisions; leaves broadly elliptic, (1) 1.5-2.5 (3) cm long, (0.5)
1-1.5 cm wide, glabrous below, villous above; plants of Zacatecas and
San Luis Potosi E. rlirosum

2. Eriogonum ciliatum Torr. ex Benth.
in DC.
Fig. 42.

Eriogonum cilinlum Torr. ex Benth. in DC, Prodr.
14: 20. 18o6.-—Camp at Buena Vista, south-
southwest of Saltillo, Coahuila, Mexico, 28 Jul
1848. Edwards s.n. Lectotype: ny!

Tall, erect herbaceous perennials 2-6
dm high from a short, branched, woody
caudex; leaves essentially basal, the leaf-

blades spathulate, 1-5 cm long, 1-2.5 cm
wide, glabrous on both surfaces except
for the strigose midvein and margin, the
apex obtuse with an apiculate tip, the
base abruptly tapering to a broad laminar
petiole, the petiole 0.5-4 (5) cm long,
winged, ciliated, the petiole-base glabrous
on both surfaces or merely strigose with-
out; stems erect or nearly so, slender, not
fistulose, 2-4 dm long, glabrous except at

the nodes where stipitate-glandular in
most; inflorescences usually open, cy-
mose, mostly with one side suppressed, or
dichotomously branched 1-3 times, oc-

casionally reduced to a single, terminal in-

volucre, i-3 (4) dm long, the main branch
bracted, the secondarv branch of the di-

chotomy an elongated peduncle, glabrous
except for the stipitate-glandular nodes
and lower segments; bracts scalelike, ter-

nate, 1-5 mm long, narrowh^ triangular
to linear, usually glandular wathout. oc-

casionally glabrous. s|)arsolv ciliated on
the margin, connate at the base; prdimclcs
ascending or erect, straight or slightly
curved, the first peduncle 5-20 (m long.

the succeeding peduncles (1) 2-7 cm long,

glabrous except for the glandular base;

involucres campanulate, 3-5 mm long,

3-5 (7) mm wide, glabrous within and
without, the 5 rounded, shallow teeth 1-1.8

(2) mm long, often ciliate, the bractlets

linear-oblanceolate, 1.5-3 (4) mm long,

densely hirsutulous with long, whitish

cells, the pedicels 2-4 (5) mm long, glab-

rous; flowers maroon with a darker red-

dish midrib and often a bright, golden-

yellow center within. 1.5-2.5 mm long in

anthesis, becoming 3-4 mm long in fruit

and somewhat greenish red at the base,

glabrous, the tepals monomorphic, lanceo-

late to obovate, connate at the base;

stamens slightly exserted. 1.5-2.5 mm
long, the filaments glabrous, the anthers

red; achenes greenish brown to light

brown, 3-4.5 mm long, ovate, slightly

ridged the entire length; n— IO (Figs. 11,

12).

Locally common on dry low hills and
plains in T.arrra, pine-oak. or pinyon-
iunijier woodlands niainlv along the foot-

hills of the Sierra Madre Oriental and as-

sociated desert ranges, from western
Nuevo Leon and southeastern Coahuila
southward through central Tamaulipas to

north (entral vSan Iaus Potosi, Mexico,
from 1200 to 2300 m elevation (Map 2).

P'lowering from May to September.

ni.PHKSF.NTATiVF. .SPECIMENS: MEXICO: Conliuila:

Near Buena Vista. 22 May 1847. Grvf-a 7VJ
(mo); r.as Playas. 24 May 1071 Johnston et

al. tt210D fii., us); vSan T.oi-rnzo Canyon. S of

Saltillo. 21 2^ Sep 1004. Palmer W5 (mo,
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Fig. 42. Illustration of Eriogonum ciliatum showing the general habit (A) and a detail fB) of asnigle plant, with an involucre and flowers (C), and a mature achene (D).
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NV, us); Carneros Pass, 4 Sep 1889, Pringle
2379 (br, g. mo. ndg, ny, p, us); 0.3 mi E
Mex. Hwy 57 along rd to San Lirios, SE of

Saltillo, 5 Aug 1971, Reveal et al. 2612 (ariz,

BRY, C.'XS, GH, MEXU, MICH. MO, NY, OKL, RSA,

TEX, uc, US, UTc) ; 0.5 mi S Estacion Caraeros,
5 Aug 1971, Reveal et al. 2616 (bry, ny, us,

UTc). Nuevo Leon: Ascension, Jun 1930, Vie-
reck 527 (us). San Luis Potosi: Charcas, Jul-

Aug 1934, Lundell 5463 (ariz, us); 6 km E
Laguna Seca, 10 Sep 1955, Rzedowski 6515
(mo, tex). Tamaulipas: 22 km SE Bustamante
toward Tula, 20 May 1973, Johnston et al.

11148 (ll, us); near Miguihuana, 8 Aug 1941,

Stanford et al. 748 (ariz, mo, ny).

Unlike the other members of the sub-

section Adenogonum that have whitish

or cream-colored flowers, Eriogonum
ciliatum has maroon flowers sirhilar to

those of E. atroruhens of Pterogonum and
E. hemipterum of section Astra. However,
upon a closer examination one quickly
discovers the large, yellowish center of the

flower-tube—a feature unique to E. cilia-

tum and not found in the other species

in the subgenus. In addition, characteris-

tics such as the laminar petioled leaves,

the glandular nodes, and the highly re-

duced inflorescences are not evident in

subsection Pterogonum but are shared
with the other members of Adenogonum.

This species is easily recognized in the

field by the combination of ciliated, usual-

ly spathulate leaf-blades, maroon flowers,

and reduced inflorescences. Rarely,
whorled leaves may be found in the axils

of the temate bracts at the first node.
However, no confusion should occur be-

tween Eriogonum ciliatum and the spe-

cies of Astra which have true cauline
leaves and no fused ternate bracts below
them. In addition, the known ranges of

the species of Astra do not overlap the
geographical range of E. ciliatum, and
sim])]y by distribution the two can be
separated.

3. Eriogonum fimbriaturn Hess & Reveal

Fig. 43.

Eriogonum jimbrialiini Hess & Reveal, spec,

nov. A E. ciliato floribus albis et a E. viscano
foliis latioribus, a E. clivoso caulibus glaiidulo-

sis differt.—Typus: Along Mexico Highway
57, 1 1 mi S San Roberto .lunction, Nuevo
Leon, Mexico, on low limestone hills at ii!)()iit

1800 m elevation, 19 Sep 1972, Reveal & Hess
3144. Holotypus: us! Isotypi: ariz, bry, cas,

COLO, O, GH, K, MEXU, MICH, MO. NY, OKI., P,

RSA, US, UTC, WTU!

Erect herbaceous perennials 2-3 dm

high from a small, compact, slightly

woody caudex; leaves basal, the leaf-

blades elliptic, 1-2 cm long, 0.8-1.2 cm
wide, glabrous and green on both surfaces,

the margin ciliated with villous hairs, the

apex mostly slightly acuminate, the base

abruptly tapering to a winged petiole, the

petiole (1) 1.5-2.5 cm long, glabrous,

ciliated, the petiole-base glabrous except
for the margin; stems erect, slender, not
fistulose, 0.5-1.5 (2) dm long, glabrous

throughout; inflorescences open, cymose,
divided only once or twice with an ul-

timate, non-dichotomous node above, (3)
5-8 (10) cm long, glabrous above, glandu-
lar below at the node with small, nearly
sessile, white, capitate glands; bracts

scalelike, 1-2.5 mm long, lanceolate,

glandular without, essentially glabrous

within, connate at the base; peduncles
slender, erect, straight or slightly curved,

the first peduncle up to 6 cm long, the

succeeding peduncles up to 3 cm long,

both glabrous except for the stipitate-

glandular nodes and lower segments;
ifivolucres campanulate, 2.5-3 mm long,

2.8-3.5 (4) mm wide, glabrous within
and without, except for the ciliate margins
of the teeth, the 5 broadly acute lobes

0.7-1 mm long, the bractlets linear-

oblanceolate, 2.5-3.5 mm long, densely vil-

lous with long, non-glandular cells, the

])edicels 1.5-2 mm long, glabrous; floivers

white to yellowish white with a broad
brownish red midrib and greenish bro\Mi

base, (2) 2.5-2.8 mm long in anthesis, be-

coming 3-3.2 mm long in fruit, glabrous

except for the minvite glands on the mid-
rib and base, the tepals essentially mono-
morphic, elliptical, those of the outer

whorl slightly broader than those of the

inner whorl; stamens included. 1.8-2.5

mm long, the filaments glabrous, the

anthers yellowish; achenes light brown,
3-3.5 mm long, ovate, only the upper 1/3

of the fruit distinctly ridged; /2= 20 (Fig.

13).

Locally connnoti on dry gypsophilous

hills and flats associatecl with Earrea

south of San Rol)orto .lunction. Nuevo
Leon, Mexico, from 1800 to 1850 m ele-

vation (Map 2). Probably flowering

from August to October.

I^KlMtHSFNTATlVl. M'l'.CIMENS: MEXICO: NuBVO
1, (>(')[!: 11 mi S San Robeito .lunction. 5 Sep

1971, Bacon et al. 1113 (tkx); 14-15 mi S San
Roberto Junction. 20 Aug 1973, Powell &
Tonih 2564 (us).
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Fig. 43. Illustration of Eriogonum fimbrialum showing the general habit (A), and a detail fB) of
a single plant, with an involucre and flowers (C). and a mature achene (D).
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Currently, Eriogonum fimbriatum is

known from only one area south of San
Roberto Junction in Nuevo Leon. It is to

be expected elsewhere in the area. We as-

sume its distribution will be hke that of

the related E. viscanum—very local, very
isolated, and in widely scattered locations.

Likewise, we can attest that it and most
likely E. viscanum are difficult to see in

the field, with their small stature, thin

stems, inconspicuous flowers, and strictly

basal leaves. And when one considers the

feeding habits of goats, sheep, horses, bur-

ros, and cattle on these species in northern
Mexico, it is often a matter of luck that

more than a single specimen can be found.

Eriogonum fimbriatum is most closely

related to E. viscanum. The two differ

mainly in the shape and size of the basal

leaves, the leaf pubescence, and the ar-

rangement of the glands along the stems.

The former occurs to the east of the latter,

but in essentially similar habitats. A com-
parison of the two descriptions will reveal

the other subtle differences as well, but
on the whole these are the major, macro-
morphological differences.

4. Eriogonum viscanum Hess & Reveal

Fig. 44.

Eriogonum viscanum Hess & Reveal, spec. nov.—

A

E. fimbriato foliis longioribus, laminis villosis

(non glabris), peduiiculis glandulosis et a E.
clivoso caulibus glandulosis differt.—Typus:
Cedros, Jun-Aug 1908, Lloyd 116. Holotypus:
mo! Isotypi: uc, us!

Erect herbaceous perennials 2-3 dm
high from a small, compact, slightly

woody caudex; leaves basal, the leaf-

blades oblanceolate to narrowly elliptic,

1.5-4 cm long, 0.4-0.9 cm wide, villous

on both surfaces or glabrous above ex-

cept for the villous midvein, the margin
ciliated with sparse, villous hairs, the apex
acute, the base tapering gradually to a

narrowly winged petiole, the petiol(» 0.5-

1 cm long, villous es})ecially along the

margin; stems erect, slender, not fistulose,

1-1.5 dm long, glabrous throughout; in-

florescences open, cymose, divided 2-4

times with an ultimate non-dichotomous
node above, 5-15 cm long, glabrous on the

ui)f)er half of each branch, the lower half

and each node glandidar with small, caf)!-

tate, reddish glands; bracts scalelike, 1-3

mm long, narrowly lanceolate, glandular
without, essentially glabrous within or

with a few scattered hairs, connate at the

base; peduncles slender, erect, straight or

slightly curved, the first peduncle up to

6 cm long, the succeeding peduncles up to

3 cm long, glandular nearly throughout
their length with stipitate-glands; invo-

lucres campanulate, 1.5-2 mm long, 2.5-

3 (3.5) mm wide, glabrous within and
without, the 5 broadly acute teeth 0.5-0.7

mm long, ciliate, the bractlets linear-

oblanceolate, 1 .5-2.5 mm long, densely vil-

lous with long non-glandular cells, the

f)edi(els 1-1.5 mm long, glabrous; flowers
white to cream with a broad brownish
red midrib and base, 1.5-2.5 mm long in

anthesis, becoming 2.5-3 mm long in fruit,

glabrous or minutely glandular without,

glabrous within, the tepals essentially

nionomorphic, elliptical, those of the outer

whorl slightly broader than those of the

inner whorl; stamens included, 1.5-2.5

mm long, the filaments glabrous, the an-

thers reddish-yellow ; achenes (when still

immature) about 3 mm long, narrowly
ovate, only the upper Vs of the fruit dis-

tinctly ridged.

Rare and local, known only from scat-

tered locations on dry gypsum hills and
flats west of Concepcion del Oro, Zacate-

cas, and southwest of Cedral, San Luis

Potosi, Mexico, from 2000 to 2200 m ele-

vation (Map 2). Probably flowering from
;

May to September.

Represent.xtive SPECIMENS: MEXICO: San Luis

Potosi: 17.5 km SW Cedral. 17 May 1973,

Johnston et at. 11063.A (i.l). Zacatecas: 2 km
SE Caopa. 17 .lun 1072. Chiang et al. 7SSIA
(i.i.~); on hills near Cedros. Aug 1908. Kirk-

wood 224 (f).

Eriogormm viscanum is clearly related

to E. fimbriatum. differing, as noted pre-

viously, mainly in leaf characters and pub-

escence features. At present, the species

is known only from four collections,

three of whicli consist of an individual

|)lant. The Kirkwood collection comes
from the same area as the tvpe and quite

possibly was collected at the same time

and place as the type. Lloyd and Kirk-

wood were employed by the same com-

|)an\ at the time of these collections. We
liave attempted to locate this species in

the fi(»ld without success. Reveal and N.

Duane Atwood, then at Rrigham Young
Universitv, also searched in the Cedros

arvix. but not one plant was found in all

our joint or separate efforts. Although the
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Fig 44 Illustration of Eriogomim liscanum showing the general liabit (A) and a detail (B) of
a single plant, with an mvolurre and flowers (C). and an immature acliene (D).
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description is based on this meager ma-
terial, we are still convinced that the spe-

cies is unique.
We have seen two collections which

might represent another new species in

this group. It is from a gypsum outcrop
1.5 miles southwest of Las Delicias in

Coahuila. Hopefully more material of this

entity will be collected and the nature of

the plants determined.

5. Eriogonum clivosum Hess & Reveal

Fig. 45.

Eriogonum clivosum Hess & Reveal, spec. nov.—

A

E. fimbriato et E. viscano inflorescentis glabris
differt.—Typus: Along Mexico Highwaj' 49.

53 mi E Zacatecas, 5 mi W El Tecomate and
4.5 mi E turnoff to Salinas del Penon Blanco,
on low limestone hills 1 km N of the highway,
at 1900 m elevation, San Luis Potosi, Mexico.
18 Sep 1972, Reveal & Hess 3143. Holotypus:
us! IsOtypi: BRY, K, NY, UTC!

Erect herbaceous perennials 2.5-3 dm
high from a stout, compact, slightly

woody caudex; leaves basal, the leaf-

blades broadly elliptic, (1) 1.5-2.5 (3)
cm long, (0.5) 1-1.5 cm wide, glabrous
below, sparsely pubescent above with long
villous hairs, the margin ciliated with
dense villous hairs, the apex obtuse to mu-
cronate, the base abruptly tapering to a

non-winged petiole, the petiole 1-5 cm
long, strigose, the petiole-base densely stri-

gose without, sparsely so within; stems
erect, slender, not fistulose, 1-1.6 dm long,

glabrous; inflorescences open, cymose, di-

vided 3-6 times, 1-1.5 dm long, the
branches and nodes glabrous; bracts scale-

like, 1-4 mm long, triangular to lanceolate,

glabrous without, sparsely pubescent with-
in, connate at the base; peduncles slender,

erect, straight or slightly curved, 1-5 cm
long, glabrous; involucres turbinate-

campanulate, (2) 2.5-3 mm long and wide,
glabrous within and without, the 5 acute
teeth 0.7-1 mm long, the bractlets linear-

oblanceolate, 2-2.5 mm long, densely
glandular, the pedicels 2-4 mm long,

glabrous; flowers white to cream colored

with a faint yellowish hue and with a

wide reddish brown midrib and base, (1.5)
2-2.5 mm long in anthesis, becoming 2.5-3

mm long in fruit, glabrous, the tepals

monomor[)hic, lanceolate to oblong; sta-

mens slightly exserted, 2-2.5 mm long, the
filaments glabrous, the anthers pink to

light red; acfienes light brown, 3 nun
long, ovate, ridged nearly the entire

length of the fruit; 72=20 (Figs. 14, 15).
Local and infrequent to rare on dry

limestone hills and flats east of Salinas del

Penon Blanco along the Zacatecas-San
Luis Potosi state line, Mexico, from 1900
to 2000 m elevation (Map 2). Flowering
from July to October.

Representative specimens: MEXICO: San Luis
Potosi: Known only from the type collection.

Zacatecas: 10 mi SE Salinas, 13 Jul 1966,
Moran 13347 (so); 10 mi SE Salinas. 7 Aug
1971, Reveal et al. 2664 (ny. us).

It is difficult to interpret the signifi-

cance of the eglandular nature of Eriogo-

num clivosum, with its more highly
branched inflorescence and the lack of a

distinctly winged petiole so typical of the

other species of the subsection Adenogo-
num. We have placed E. clivosum wdth
E. viscanum and E. fimbriatum firstly

on the basis of flower color—a charac-

teristic we chose not to consider important
in the case of E. ciliatum and the subsec-

tion Pterogonum. This inconsistency is

balanced by other characteristics such as

the leaf shape and pubescence of E. clivo-

sum which are similar to that of E. cilia-

tum and E. fimbriatum. The inflores-

cence of E. clivosum is more branched
than any other member of Adenogonum,
but not nearly as much as that seen in

E. atrorubens of subsection Pterogonum.
And lastly, E. clivosum occurs in the low,

dry desert ranges, similar to those occu-

pied by E. viscanum and E. fimbriatum.
and this ecological feature is not shared

by E. atrorubens except for var. rupestre.

On the whole we have felt it best to as-

sociate E. clivosum with Adenogonum
rather than establishing a distinct sub-

section for it.

II. Eriogonum sect. Peregrina

Eriogonum Michx. subgen. Pterogonum (H.
Gross) Reveal sect. Peregrina Hess & Reveal,

sect, nov.- -A sect. Pterogono plantis glandulosis

et caulibus foliatis differt. Typus: Eriogonum
greggii Torr. Sz Gray.

Low, erec I ])erennial herbs with few to

several stems arising from branched
caudices, glandular throughout; leaves

basal and cauline in the axils of bracts,

spatludate, hispid and stijiitate-giandular

or rarely glabrous on both siu'faces;

bracts ternate, scalelike to semifoliaceous,

connate at the base; peduncles long and
usually stout; irwolucres canif)anulate, the
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Fig. 45. Illustration of Eriogonum cliiosum showing the general habit (A) and a detail CB) of a
single plant, with an involucre and flowers (C). and a mature achene (D).
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5 teeth mostly acute, the bractlets linear-

oblanceolate, hirsutulous, the pedicels
glandular and hispid; flowers yellowish
white often with a broad reddish brown
to brown midrib, the tepals strigose;

anthers green or red; achenes ridged
nearly the entire length of the fruit,

glabrous.

The section Peregrina is composed of

but one species, Eriogonum greggii. It dif-

fers from all other species in the subgenus
in being densely glandular and hispid,

having a suppressed inflorescence, strigose

tepals, and a haploid chromosome number
of n = \Q. The single species ranges from
extreme southern Texas southward into
northeastern Mexico, occurring mainly in

the limestone ranges and mountains as-

sociated with the Sierra Madre Oriental.

We have placed Eriogonum greggii in

subgenus Pterogonum following Stokes
(1936) rather than Watson (1877), who
associated the species with the subgenus
Ganysma. As discussed previously, we
have concluded that this is the only rea-

sonable treatment, but our efforts to satis-

factorily place E. greggii in Pterogonum
have been difficult. It seemed to us that
we could not associate it with E. atro-

ruhens, and certainly not with E. alatum
or E. hieracifolium. On the basis of the
broadly laminar petioles, spathulate leaves,

and modified inflorescences, it did not
seem to be that closely related to E. cilia-

tum. However, the features of pale yellow-
ish white flowers wath the broad reddish
midvein and glandular pubescence make
it possible to relate it to other members in

subsection Adenogonum. But because the
plants of E.. greggii are wholly glandular
and hispid, the tepals strongly strigose,

and the leaves both cauline and basal, we
could only propose a distinct section for it

while acknowledging that it is more close-

ly related to Pterogonum than either
Astra or Alata.

6. Eriogonum greggii Torr. & Grav
Fig. 46.

F.riniionurn greggii Torr. & Gray, Proc. Amer.
Acarl. Arts 8: 187. 1870, haspfl on E. ciliatum
Torr. I'x Bcritli. in DC. v;ii- foUosuni Ton-, in

Emory. Rep. U.S. & Mox. Boundary Sui-v. 171
1869.—High plains at San Juan de la Vcguoria,
Coahuila, Mexico, 20 May 1847, Grrpa s.n.

Holotypc: ny! Isotypes: gh, mo!

Low, erect herbaceous perennials 1-4

dm high from a short, woody caudex;

leaves basal and cauline in axils of ternate

bracts, the basal leaf-blades broadly spath-

ulate, 2-6 (10) cm long, 0.5-2 (2.5) cm
wide, glabrous except for the ciliated mar-
gins and midvein, or hispid and uniformly
stipitate-glandular on both surfaces, the

apex obtuse or infrequently acute, often

with an apiculate tip, the base long cune-
ate and tapering to a ±winged petiole,

the petioles 0.5-2 cm long, hispid and
glandular, the cauline leaf-blades oblan-

ceolate, obovate, or spathulate, in a whorl
of 3-7 at each node, 0.5-4 cm long. 0.2-1.5

(2) cm wide, similar to the basal leaves

only more hispid or glabrous except for

the margins and midveins, the apex acute

to mostly obtuse, the base cuneate, sessile;

stems erect or nearly so, slender, 5-15 cm
long, glandular; inflorescences c}Tnose

with one side suppressed, branching 3-15

times, 1-3 dm long, the main branch
bracted and divided with the lateral

branches highly reduced or mostly lacking,

the secondary branch of the dichotomy
actually an elongated peduncle, glandular
throughout; bracts scalelike to semifolia-

ceous, ternate, 3-15 (22) mm long, lanceo-

late, glandular and hispid with ciliated

margins, or merely glabrous and ciliated,

connate at the base; peduncles ascending
to erect, straight or slightlv curved, 1-6

(7) cm long, glandular and hispid; invo-

lucres campanulate, 1.5-3 mm long, 3-5

mm wide, slightly to densely strigose and
glandular without, glabrous within except

for the ciliated margins, the 5 acute teeth

1-1.5 mm long, the bractlets linear-

oblanceolate, 1.5-2 (2.5) mm long, slight-

lv hirsutulous with glandular and non-

glandular hairs, the pedicels 2-3 (4) mm
long, glandular and hispid; flowers yel-

louish white with a broad and predomi-
nant dark reddish brown to brown midrib

and base, 1.5-2.5 nun long in anthesis. be-

coming mon^ reddish and 2.5-3.5 nun long

in fruit, strigose without, glabrous within,

the tepals monomorphic. lanceolate to ob-

long; stamens slightly exserted. 1.5-2 nmi
long, the filaments glabrous, the anthers

green or red; acJienes reddish brown, 3-4

nun long, ovate, slightly ridged the entire

length of th<^ fruit; /?=16 (Figs. 16. 17,

and 18).

Locally common in open grasslands,

dry arid slopes, or pine-oak woodlands
on the plains and lower foothills of the

desert mountain ranges and Sierra Madre
Oriental, from extreme east central and
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Fig. 46. Illustration of Eriogonum greggii showing the general habit (A) and a detail TB) of a
single plant, with an involucre and flowers fC). and a mature achene (D).
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southeastern Coahuila and adjacent west
central Nuevo Leon, Mexico, northward
to Hidalgo Co., Texas, from 100 to 2300
m elevation (Map 2). Flowering from
March to October.

Represent.ative COLLECTIONS: MEXICO: Coa-
huila: Santa Catarina, 26 Apr 1939, Frye &
Frye 2512 (ds, mo, ny, uc, us. utc) ; 1 mi
N Rancho de la Gavia, N side Sierra de la

Gavia, 18 Mar 1973, Johnston el al. 10277

H

(ll, us); Saltillo, May 1898. Palmer 166
(mo, NY, s, uc, us); 3.6 mi S Santa Teresa,
Sierra de la Muralla, 4 Aug 1971. Reveal et al.

2607 (bry, mexu, ny, us, utc). Nuevo Leon:
N Dr. Arroyo, 5 Sep 1971. Bacon et al. 1131
(tex); 9 km W Villa Garcia toward Icamole.
4 Jul 1973, Johnston et al. 11601B (ll, us); 1

mi E Cuesta de Aves, between Saltillo and
Monterrey, 22 Sep 1973, Reveal & Atwood
3382 (ariz, bry, c^s, gh, mexu, mo, ny, okl.
RSA, TEX, uc, us, UTc) .

In all its localized phases, Eriogonum
greggii may be quickly recognized by its

general habit and vestiture. It is rather
variable, however, in the amount and
distribution of both glands and hairs, as

some individual plants may have glabrous
leaf-blades (except for the margins and
midvein), or merely hispid leaves, or only
glandular leaves. In less frequent cases,

the stems show a similar degree of vari-

ability, but the vestiture of the leaves and
stems is not always correlated. No geo-

graphic or edaphic restrictiveness is evi-

dent concerning this feature and inter-

mediates occur commonly. Some plants

may be less erect than others in the same
population, while there is a great range
in flowering times from individual to in-

dividual. While this variation may be seen
in the field, the species is easy to distin-

guish throughout its growth cycle and can-
not be confused with other species of the
genus.

III. Eriogonum sect. Astra

Eriogonum Michx. subgen. Pterogonum (H.
Gross) Reveal sect. Astra Hess & Reveal, sect.

nov.—A sect. Pterogono prcsentia foliis caulibus
atque inflorescentiis paniculatis differt et a

sect. Alato herl)a pereimia a raniosus caudice;
achaenia alata superioribus tiMtioribus. pilosa.

Typus: Eriogonum hieracifolium Beiith. in DC.

Tall, erect perennial herbs mostly with
a single stem arising from a branched
caudex; leaves basal and alternate, the

leaf-blades spathulate to oblanceolate, stri-

gose to woolly pubescent on both surfaces;

bracts ternate, s(alolike, coiniate at the

base; inflorescences open, e\ongatv(\. panic

-

uate cymes; peduncles usually stout; in-

volucres turbinate to camj)anulate, the 5

teeth mostly acute to truncate, the bract-

lets linear-oblanceolate, glabrous or gland-
ular, sometimes ciliate, the pedicels gla-

brous or pilose at the base; flowers ma-
roon to yellow or cream colored, the tepals

glabrous to strigose; anthers maroon to

yellow; achenes winged on the upper
third, pilose at the apex.

The species of sections Astra and Alata
have leaves that are alternate on the stems,

a characteristic not shared by any of the
species in sections Pterogonum and Pere-

grina. The only glandularness present in

Astra is that associated with the minute
bractlets found within the involucre. The
cymose paniculate inflorescence is quite

distinct, giving the plants of Astra a to-

tally different appearance from those spe-

cies previously discussed.

The multiple branched caudices, many
of them with flowering stems, distinguish

Astra from the monocarpic condition of

section Alata. In addition, most of the spe-

cies of Astra have fruits that are pilose

and winged on the upper third as opposed
to the plants of Alata which have glabrous
fruits that are winged the entire length.

The distribution of the members of Astra
is primarily in the mountains and arid

regions of the southwestern United States

and occasional places in the moinitains and
foothills of extreme northern Coahuila and
northeastern Chihuahua in Mexico. Only
Eriogonunt hemiptrrum var. griseuni has

its distribution solely in Mexico, and then
it is restricted to the mountains essentially

just south of the Chisos Mountains of

Texas. The other taxa, with the exception

of E. hieracifolium, are found locally in

Texas or just over the boiuidary into

northern (>oahuila, Mexico. The exception

is also locally common, but with a wider
distribution, ranging in a narrow band
across western Texas through New Mexico
into eastern Arizona and northern Mexico.

Th(> maroon flowers of Eriogonum
/leniipterurn easily distinguish it from the

remaining members in section Astra. As
will be discussed later, it was originally

(oii'^idered as a red-flowered \ariety of

the yellow-flowered E. hieracifolium. We
have on hand <i collection from Coahuila,

Mexico, of a possible new ta.xon which
has maroon flowers during early anthesis

but which become tiimed \^ith vellow in
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fruit. The significance of this transitional

characteristic is not clear with respect to

E. fu-miptcruni and K. hicrdcifnliuni and,

as yet, neither of ns has been able to ob-

tain more plants or investigate this [)he-

nomenon in the field.

We feel strongly that the presence of

stem leaves and an elongated f)aniculated

cymose inflorescence, plus the pubescent

stems, reflect a more exact association of

these species than flower color. Likewise,

the distribution of the species of Astra, as

opposed to that of Pterogonum, strength-

ens our i)osition as well. The section is

well defined, easily recognized, and com-
posed of onh' three species.

Key to the Species of Sect. Astra

A. Inflorescences strigose to thinly or densely tnriientose; flowers yellow to

maroon, strigose.

B. Flowers yellow-, sometimes maturing with a reddish tinge; basal

leaves usually densely strigose; east central Arizona across central

and southern New Mexico to western Texas, and southward to north-

ern Coahuila and Chihuahua, Mexico 7. E. hieracifoUum

BB. Flowers maroon; leaves thinly strigose and green on both surfaces,

or densely tomentose below and green above; plants of moderate
to high elevation in the mountains of Brewster Co., Texas, south

to northern Coahuila and northeastern Chihuahua, Mexico
._. 8. E. hemipterum

AA. Inflorescences glabrous; flowers cream colored, glabrous to thinly stri-

gose; grassy hills and plains of west central Texas 9. E. nealleyi

7. Eriogonurn hieracifoUum Benth. in DC
Fig, 47.

Eriogonurn hieracifoUum Benth. in DC. Prodr. 14:

6. 1856—Guadalupe Mountains of northwestern
Culherson Co., Texas, or perhaps in south-
western Eddv Co., New Mexico, 15-16 Oct
1849. Wright 616 (his 1323). Holotype: gh!
Isotypes: gh, k, ny. uc, us!—Pterogonum
hirracifoliurn (Bentli. in DC.) H. Gross. Hot.

Jahrb. Syst. 49: 239. 1913.

Eriogonurn panosum Woot. & Standi., Contr. U.S.
Natl. Herb. 16: 118. 1913. -Organ Mountains.
Dona Ana Co., New Mexico. Aug 1881.

Vasey s.n. Holotype: us! Isot^T^es: gh, isc, k,

p, us!

—

Eriogonurn leucophyllum Woot. &
Standi, ssp. panosum (Woot. &: Standi.) S.

Stokes, Gen. Eriog. 97. 1936.

Erect herbaceous perennials 4-7 dm
high from spreading, branched, woody
caudices; leaves basal and cauline, the

basal leaf-blades oblanceolate to spathu-

late, (3) 5-15 cm long, 0.5-2 cm wide,

sparsely to densely woolly on both sur-

faces, especially so below, the margin
ciliated with longer strigose hairs, the

apex obtuse or occasionally acute, the base

long cuneate to a narrowly winged petiole.

the petiole 0.5-5 cm long, strigose, the

petiole-base strigose to woolly especially

abaxially, the cauline leaf-blades oblan-

ceolate. 0.5-5 cm long, 0.3-1 cm wide,

densely strigose below, less so above, the

margin ciliated, the apex mostly acute.

the base cuneate to the stem; stems erect

or nearly so, slender, 3.5-5.5 dm long,

densely strigose; inflorescences open panic-

ulate cymes, the branches restricted to the

uppermost part of the plant, 4-15 (18)

cm long, strigose throughout; bracts scale-

like, ternate 2-8 mm long, linear-trian-

gular to linear-lanceolate, the low^ermost

infrequently lanceolate and up to 15 mm
long, strigose on both surfaces and espec-

ially along the margin, connate at the

base; peduncles erect to ascending, straight

or curved, 0.5-3 cm long, strigose; involu-

cres turbinate-campanulate to campanu-
la te, 2.5-4 mm long, 2.5-5 mm wide, hir-

sute to strigose without, glabrous within,

the 5 triangular teeth 0.5-1.5 mm long,

the bractlets linear-lanceolate, 2-3 mm
long, glabrous or minutely glandular, the

pedicels 2-5 mm long, glabrous; flowers

yellow with greenish yellow midribs and
bases, 1.5-2.5 mm long in anthesis, be-

coming 3-5 mm long and reddish in fruit,

white-strigose along the midribs and bases

without, glabrous within except for a few
scattered hairs within at the base, the

tepals essentially monomorphic. narrowly

ovate, connate at the base; stcmiens slight-

ly exserted, 2-3 mm long, infrequently

reduced and sterile, the filaments pilose

basally, the anthers yellow, 0.5-0.6 mm
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Fig. 47. Illiistiiition of Frioiionuni /licrficifollurn sliciuiri^; tlic ^mmhmmI Ii.i1)iI (A) .iiiil a ilctiiil (B)

of a single phiiit. with iin involiu ic and flowers ((]). and a maliirc ,i( liciie (I)).
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long; achcjics yellowish green maturing to

a light brown, 4.5-6 mm long, 2.5-3.5 mm
wide, j)andurate, tlie upper half winged,
strigose, exserted; /7 = 20 (Figs. 19, 20).

Common in dry open places, mainly in

grasslands, j)inyon-juniper. and pine wood-
lands from northern Coahuila and Chi-
huahua, Mexico, north through western
Texas into southern and central New-
Mexico, and just entering east central

Arizona, from 9()() to 2600 m elevation

(Map 3). Flowering from July to Oc-
tober.

Represent.\tive collections: 'MEXICO: Chihua-
hua: Sierra de los Pinos. Dec 1937, LeSueur
/533 (tex); above Santo Tomas between Cui-
dad Guerrero and Madero, 16 Aug 1959.

Kruckeberg 4918 (ds, ny, us). Coahuila: 43
km from La Linda, 8.5 km S Cuatro Palmas
on the road to Mina Aguachile. 30 Jul 1973.
Johnston et al. 11959 (ll. us); 20 mi SE La
Linda. 1 mi SE Cerro Aguachile. 30 Jul 1973.

Hendrickson 11590 (us). UNITED STATES:
ARIZONA: Apache Co.: 1 mi from junction

of Big and Little Diamond creeks. Jul 1964.

Applequist 101 (mn.^). Gila Co.: 1 mi N Black
River. White Mts.. 22 Jun 1930. Goodman &
Hitchcock 1288 (bkl. ds. gh, mo. ny, okl.

uc); 10 mi N Salt River, 26 Jun 19-44. Pultz
1006 (ksc, mo, ny, uc). Navajo Co.: Ft.

Apache. 26 Jul 1910, Goodding 683 (gh, ny.
us). NEW MEXICO: Bernalillo Co.: Near
Tijeras. 9 Oct 1939. Barneby 2415 (ny).

Catron Co.: 9 mi N Aragon, 9 Jul 1965,

Weber & Salamun 12791 (colo. d.\o. ill,

okl). Dona Ana Co.: Van Paltens, Organ Mts..

25 Jun 1894. Wooton s.n. fus). Eddy Co.: Hero
Ranch, near Queen. 4 Aug 1909. Wooton s.n.

fus). Grant Co.: GOS Ranch, 27 Aug-12 Sep
1911. Holzinger s.n. (us). Lincoln Co.: Gray,
17 Aug 1898. Skehan 96 (gh, k, ny, pom, uc,

us). Sierra Co.: 3.5 mi W Hwy. 52. N of

Winston, 25 Jul 1965. Hess 310 (okl, tex.

uc). TEXAS: Brewster Co.: 29.5 mi W Sander-

son, 1 Aug 1971. Reveal et al. 2552 (bry. ny.

us. UTc). Culberson Co.: 9.5 mi NE Pine
Springs, 4 Sep 1967, Reveal & Davidse 914

(aRIZ, bry, C.'XS, ds, gh. ids. ISC. LL. MO. NY. RM.
Rs.\. SMU. TEX. UC US. UTc) ; 10 mi W Kent. 7

Aug 1949, Warnock & Turner 8944 (ll. s.mu).

Jeff Davis Co.: 2.5 mi S Kent, 3 Sep 1967.

Reveal & Davidse 913 (.ariz, bry, cas, colo.

CS, DAO. ds, gh, ids, ISC. KSC, LL, MO, NY, RM,

rsa, SMU, TEX. UC. US. UTc) . Pecos Co.: 25 mi S

Ft. Stockton. 5 Nov 1964. Correll & Correll

30469 (ll).

The precise locality of Wright's collec-

tion of Eriogonum hieracifolium is un-

known. McKelvey (1955) discusses his

itinerary as prepared by Ivan M. Johnston,

and from this, it appears that he was in

Otero County, New Mexico, at the time of

its collection. However, she w^as not posi-

tive about his itinerary and even if she

were correct, it is still unlikely that E.

hieracifolium was collected there, partic-

ularly since we have seen no collections

of this taxon from Otero County. Mc-
Kelvey stated that Wright crossed the

Guadalupe Mountains in Culberson
County, Texas, and this would seem to be

the most likely area for his collection.

Another possibility is that Wright could

have wandered into Eddy County, New
Mexico, and made his collection there.

However, there is no indication that

Wright and the small party of United
States troops traveled such a route (Geiser

1948), and because Wright was on foot, he

likely remained close to the route taken

by the troops. Consequently, it is most
likely that the type collection of E. hier-

acifolium was made in the Guadalupe
Mountains of Texas and not in New
Mexico.

The Vasey collection used by Wooton
and Standley (1913) in erecting Eriogo-

num panosum was obtained a short dis-

tance to the northwest of the Guadalupe
Mountains in the Organ Mountains of

New Mexico. These two authors suggested

that their new species differed from E.

hieracifolium in its kind of pubescence

and smaller size of the leaves, involucres,

and perianth parts. However, the variation

among the plants, as examined by us both

in the field and in the herbarium, has

indicated that recognition of E. pano-

sum at any taxonomic rank is wholly un-

warranted. The curious aspect of this spe-

cies is its treatment by Stokes (1936).

She included E. panosum as a subspecies

of E. leucophyllum Woot. & Standi., and
noted that it ".

. . is on the borderline be-

tween the lachnogynum group and the

alatum group of Section I and geographi-

cally it is related to both." This incompre-

hensible arrangement and highly question-

able statement of justification is simply

without foundation. Reveal (1969b) has

placed E. leucophyllum in synonymy
under E. haimrdii S. Wats., and he has

I)laced the section Lachnog^na Torr. &
Gray in the subgenus Eucycla. We can-

not explain the reasoning behind the

Stokes arrangement.

The phylogenetic relatiorrship of Eriogo-

num hieracifolium to the other species

nn this specie and in Eriogonum alatum we are providing only a partial listing of locations. The distribution maps

should supply the necessarj- detailed information regarding exact locations.
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within Astra is probably greater with E.

hemipterum than with E. nealleyi. The
differences are discussed under each of

the last two species respectively; however,
all share the paiidurate sha})ed, and often

pilose, achenes and the open, paniculate

cymose inflorescence. In the subgenus
Pterogonnm, E. hieracifolium is unique
with bright yellow flowers. It has a strange

distribution pattern in that it is found
mainly in the grasslands of the low desert

ranges of northern Mexico, western Texas,
and southern New Mexico, but occasional-

ly it is found in pine woodlands in central

New Mexico and Arizona, and in Chihua-
hua, Mexico. In this latter respect it is

somewhat like E. alatum, which occurs
in similar habitats over a much larger

area of the western United States. Even so,

E. hieracifolium is essentially uniform
throughout its range and is normally not
readily confused with other species of

Pterogonum.

8. Eriogonum hemiptermn (Torr. & Gray)
S. Stokes

Fig. 48.

Tall, erect herbaceous perennials 2-8 dm
high from spreading, branched, woody
caudices; leaves basal and cauline, the

basal leaf-blades oblanceolate to elliptic or

spathluate, (2) 4-8 cm long, 0.5-1.5 cm
wide, thinly strigose and green on both
surfaces or rather densely tomentose and
gray below, the margin sparsely ciliated

with short strigose hairs, the apex mostly
acute, the base long cuneate to a narrowly
winged petiole, the j)etiole 0.5-3 cm long,

strigose, the j)etiole-base s[)arsely strigose

without, glabrous within, the cauline leaf-

blades spathulate to oblanceolate, 1.5-5 cm
long, 0.2-1 cm wide, thinly strigose on both
surfaces or tomentose below, the margin
ciliated with long, strigose hairs, the apex
acute, the base cuneate to the stem;
stems erect or nearly so, slender, 1-6 dm
long, thinly to densely strigose; inflores-

cences open paniculate cymes, the

branches restricted to the upper portion^

of the plant, 1-3 dm long, strigose through
out; bracts scalolike, ternate, 2.5-8 nnn
long, narrowly triangular to linear-oblan-

ceolate, sparsely strigose on both surfaces
and especially so on the margin, counat"
at the base; peduncles erect to ascending,
0.5-8 (12 J cm long, strigose; involucres
turbinate-campanulate to camf)anulate.

2-4 mm long, (1.5) 2.5-4 mm wide, thinly

to densely strigose without, glabrous with-

in, the 5 shallow, triangular teeth 0.5-1

mni long, the bractlets linear to linear-

oblanceolate, 2-3 mm long, glabrous or

glandular and minutely ciliated, the pedi-

cels 2.5-6 mm long, glabrous; flowers ma-
roon, 1.5-2.5 mm long in anthesis, be-

coming 2.5-3.5 mm long and slightly less

reddish in fruit, rarely becoming yellowish

red, strigose without especially along the

midrib and base, glabrous within except

for a few scattered hairs at the base, the

tepals essentially monomorphic, narrowly
spathulate to obovate, connate at the base;

stamens slightly exserted, 2-3 mm long,

the filaments pilose basally, the anthers

reddish purple to maroon, 0.5-0.6 mm
long; achenes greenish, maturing reddish

brown, 3.5-5 mm long, 2-3.5 mm wide,

pandurate, the upper third winged, stri-

gose, exserted.

Locally common in the Chisos Moun-
tains of Brewster Co., Texas, and in and
near the Sierra del Carmen, Sierra del

Jardin, and the Sierra del Pinos of Coa-

huila, and in the Sierra Diablo of north-

eastern Chihuahua, Mexico, from 1200 to

2400 m elevation (Map 3). Flowering
from June to November.

The two varieties of Eriof^onum hemip-
terum. var. hemipterum and var. ^riseum.

have a distinct and limited distribution in

the disjunct mountains of southwestern

Texas, northern Coahuila, and adjacent

Chihuahua, Mexico. There is no record

of both varieties occurring in the same
moiuitain range. This should not be too

surprising, since in this area of the Chi-

huahuan Desert, the mountain ranges are

generally sei)arated by dry desert valley

floors. These effective barriers allow the

small populations to evolve along their

separate wars, probably accovmting for

anv of the minor xariation exhibited by
them.

The (lose relationship of F.rio<innum

hemipterum with E. hieracifolium is quite

obvious. They share characteristics such as

simil,irh' shajied pubescent fruits ^^^th the

iip|)(M- third distinctly winged, distinctly

pid^escent t(^pals. up to four or five cauline

leaves, similar inflorescences, and similar

habits of branched (audices. The maroon
flowers, reduced pubescence, and a le.ss

robust nature all combine, with other

more technical features, to distinguish the
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e,Zl 1^
Illiistration of Eriogonurn hemiptcrum. sliouing tlie general habit (A), detail of a

TSfll^T V' ^" involucre with flowers (C). and a mature achene (D) of var. hemipterum. anda leat-blade of var. griseum (E) showing the more densely pubescent lower surface
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two species. Their distributions are not
quite as distinct as we once thought (Hess
1967, Reveal 1969b) with the discovery
of E. hieracifoUum and E. hemiptcrum es-

sentially in the same mountain range in

northern Coahuila. Nonetheless, E. hemip-
terum is restricted to the middle and upper

elevations of these mountain ranges,

whereas E. hieracifoUum is restricted to

the foothills and broad valley floors be-

tween the desert mountains.
Eriogonum hcmipterum is composed of

two distinct variants which may be dis-

tinguished by the following key.

Key to the Varieties of E. hemipterum

A. Leaves strigose on both surfaces; involucres slightly strigose; bractlets

glabrous; peduncles 0.5-8 cm long; plants of Chisos Mts., Texas, and the

Sierra del Carmen and Sierra del Jardin, Coahuila, Mexico .. 8a. var. hemiptcrum
AA. Leaves strigose above and tomentose below; involucres densely strigose;

bractlets pubescent; peduncles 1-12 cm long; plants of Sierra del Pinos
and Sierra del Diablo, Mexico 8b. var. griseum

8a. Eriogonum hemipterum var.

hemipterum
Figs. 48a. b. c, d.

Eriogonum hemipterum (Torr. & Gi-ay) S. Stokes,
Gen. Eriog. 21. 1936, based on E. hieracifoUum
Benth. in DC. var. hemipterum Torr. & Gray,
Proc. Amer. Acad. Arts 8: 154. 1870.—Hill-
sides at Boquillas del Carmen along the Sierra
del Carmen, Coahuila, Me.xico. 8 Nov 1852,
Parry s.n. Holotype: ny! Isotypes: isc, k!

Eriogonum hieracifoUum Benth. in DC. f. atropur-
pureum Standi., Field Mus. Nat. Hist., Bot.
Ser. 11: 149. 1936.—Chisos Mountains, Brews-
ter Co., Texas, 5 Aug 1931. MuUer 7977.
Holotype: f! Isotypes: bkl, gh, ny, ttc, uc,
us!

Plants 2-7 dm high; leaves with basal

and cauline blades strigose on both sur-

faces; peduncles 0.5-8 cm long; involucres
slightly strigose without, the bractlets 2
mm long, glabrous; flowers 1.5-3 mm long;

n=2{) (Figs. 22, 23).
Locally common in the canyons and

mountainsides in the Chisos Mountains of

southern Brewster Co., Texas, south to

the Sierra del Carmen and Sierra del Jar-

din, Coahuila, Mexico, from 1200 to

2300 m elevation. Flowering from .Tune

to November.

Representative collections: MEXICO: Coa-
huila: Sierra del Carmen, 14 Aug 1936,
Marsh 660 (gh, te.\); N side of Pico de Cen
tinela. Sierra del Jardin, 27 Jul 1973. Johnston
ct al. 11809 (ll, us). HNITED STATES:
TEXAS: Brewster Co.: Chisos Mts.: Oak
Creek, near the Window. 23 Aug 1936.

Hinckley S35 (gh, ll, ny) ; Laguna, 28 Jul

1932, Muller 16555 (mo. smu, t.aes, tex, us);
along the Laguna Meadow trail to South Rim,
3 Sep 1967, Kei.cal & Davidsc 906 (.\niz, nnY.

CAS, COLO, CS, GH, ISC, KSC, LL, MO, NY, RM, RSA,

SMU, TEX, uc, US. utc) ; Oak and Willow cieeks

canyons, 26 Sep 1936, Sperry 216 (neb, taes,

us).

When Torrey first saw the type of this

species, he placed the Parry collection in

Eriogonum hieracifoUum (Torrey 1859).
At a later date, apparently, he ascribed,

without publishing, the herbariimi name
of "E. hemipterum" to the collection, and
when Torrey and Gra}^ (1870) proposed
the name E. hieracifoUum var. hemip-
terum, this herbarium name was cited in

synonymy. Stokes (1936), believing the

entity to be specifically distinct, used the

author citation of "Torr. in T. & G." in

her monograph, not realizing that the spe-

cific combination had never been made.
Johnston (1944), in attempting to correct

her error, proposed the author citation as

"Torr. ex Stokes." Goodman (1945) dis-

agreed, explaining that he believed Stokes

intended to raise var. hemipterum to the

species level, and the citation of author-

ship should read "(Torr. & Gray) S.

Stokes." We concur with Goodman's in-

terjiretation.

Until recently (Reveal 1968b, 1970),
the name Eriogonum hemipterum has been
largely obscured by Standley's (1936)
name, E. hieracifoUum f. atropurpureum.
Although Johnston (1944") was the first

to [)lace the Standlcv name in .synon^Tmy

under A', hemipterum, this change went
mosth lUHioticed by collectors who ob-

tained the species in Texas. A factor which
probably prompted Standley to consider

the red-flowered Muller collection (no.

7977) as a forma of E. hieracifoUum was
another collection (Muller 797S) from the

same locality which fits the description

of typical E. hieracifoUum. ('arefid field-

work h\ both of us (plus numerous col-

lectors before and after) has resulted m



September 1976 HESS. HF.VEAL: REVISION OF ERIOGONUM 323

no collections of K. hicrdcifoliitm from the

Chisos Mountains and until recently no
collections of E. hieracifolium within 100
kilometers of the Chisos Mountains. We
are at a loss to explain MuUcr 7978, but

with the location of K. hieracifolium just

across the Rio Grande in the northern
mountains of Coahuihu Mexico, a greater

possibihty exists that it. perha])s. did oc-

cur in the Chisos Mountains. Nevertheless,

we do not believe that these two species

are related at the infraspecific level.

The var. Jwmipteriim occurs in the

moist canyons and wooded slopes through-
out its range. In the Sierras del .Tardin

and Carmen, the f)lants may be occasion-

ally found in more open, xeric sites, but

always at the higher elevations. In the

Chisos Mountains, where we have seen

several populations, the plants often occur
in or under shrubs, with the inflorescence

running through the branches of the

shrubs. We have seen some plants occur-

ring with various bunch grasses, and
again, the inflorescences can be seen

among the grass stems, but the basal

leaves and spreading caudices are hidden
among the bunches of grass. As w^e shall

note below, we understand that var. gris-

eum occurs in open forests quite divorced

from other plants, and thus it is found as

scattered individuals on the forest floor

rather than closely associated with other

f)lants of its kind.

8b. Eriogonum hcmipterum var. griseurn

I. M. Johnst.

Fig. 48e.

Eriogonum hemipterum (Torr. & Gray) S. Stokes
var. griseurn I. M. Johnst.. J. Arnold Arbor.
25: 138. 1944.—Central part of the Sierra del

Pinos. about 10 km N La Noria on a dr\\

western ridge near the head of an old log slide

north of great cliffs. Coahuila, Me.xico, 22 Aug
1940, Johnston & Muller 547. Holoty-pe: gh!
Isotype: TEx!

Plants 5-10 dm high; leaves with basal

and cauline blades strigose above and to-

mentose below; peduncles 1-12 cm long;

involucres densely strigose without, the

bractlets 2-3 mm long, ciliate, glandular;
flowers (2) 2.5-3.5 mm long.

Apparently local and scattered in open
places in pine woodlands of the Sierra del

Pinos, northeast Coahuila, and in Sierra

del Diablo, northeastern Chihuahua,
Mexico, above 2000 m elevation. Flower-
ing from May to November.

Representativf. SPECIMENS: MEXICO: Chihua-
hua: NW end of Sierra del Diablo, 29-30 Jul

1941. Sleuart 968 (gh. te.x). Coahuila; Sierra

del Pinos. Dec 1937. LeSueur /533 (gh) ;

25 km N La Noria, Sierra del Pinos, 29 Jul

1941. Stewart 1249 (gh).

We have not seen var. griseurn in the

field, but we interpret what we know
about its habitats from the scant informa-
tion provided by Johnston (1944) and
herbarium labels. The plants seem to oc-

cur on disturbed sites in open pine wood-
lands or grassy meadows. It is incon-

gruous to us that we only know this va-

riety from the same material Johnston
based his description on over 30 years

ago. We are unaware of any recent col-

lections which would supply us with ad-

ditional habitat data.

This plant is generally taller and more
robust than var. hemipterum, and has
densely strigose involucres and leaves that

are tomentose on the lower surface.

0. Eriogonum nealleyi Coult.

Fig. 49.

Eriogonum nralleri Coult.. Contr. LT.S. Natl. Herb.
1: 48. 1890.—Near Pecos Cit^'. Pecos Co..

Texas. 1889. Nealley 455. Holotype: us! Iso-

tvpes: gh. k!

Tall, erect herbaceous perennials 5-12

dm high from spreading, branched, woody
caudices; leaves basal and cauline. the

basal leaf-blades oblanceolate to spathu-

late, 4-8 cm long. 0.5-1.6 cm wide, rather

evenly strigose and grayish on both sur-

faces, the margin ciliated with long, stri-

gose hairs, the apex acute or obtuse, the

base long cuneate to a narrowly winged
petiole, the petiole 1-2.5 cm long, strigose,

the petiole-base strigose to glabrous with-

out, glabrous wathin, the cauline leaf-

blades few, (0.5) 1-4 cm long, (2) 3-8

mm wide, sparsely strigose, the apex acute,

the base tapering to the petiole-base;

stems erect, slender. 2-4.5 (5) dm long,

glabrous; inflorescences open paniculate

c\Tnes. the branches restricted to the up-

per half of the plant. 2-5 (7) dm long;

bracts scalelike, ternate, 0.5-2.5 mm long,

linear-triangular to triangular, glabrous,

connate at the base; peduncles erect,

straierht or slightly curved, 1-8 cm long,

srlabrous; involucres turbinate-campanu-

late to campanulate. 2-3 mm long. 2-4

mm wade, glabrous, the 5 irregularly tri-

angular teeth obtuse to acute, 0.5-1 mm
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Fig. 49. Illustration of Eriogonum nealleyi slmwin^; the fjciu'iiil liiihit (A) and .i ilctail (R) of a

single plant, an involiirro with flowcfs (C). and a iii.itiiic ac licrio (D).
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long, the bractlets linear-obhniceolate, 1.5-

2.5 mm long, minutely glandular, the

pedicels 2-6 mm long, glabrous; flowers
white to greenish white with a green or

red midrib and base, 1.5-2 mm long in

anthesis. becoming 2.5-3 mm long and
pinkish to reddish in fruit, glabrous or

sparsely strigose with widely scattered

hairs without, essentially glabrous within

except for scattered strigose hairs along
the midribs, the tepals essentially mono-
morphic, oblong to narrowly elliptic, con-

nate at the base; stanu-ns slightly exserted,

2-3 mm long, the filaments pilose basally,

the anthers red to pink. 0.9-1 mm long;

achencs greenish, maturing redflish brown.
4-6 mm long, 2-3 mm \\'ide, pand urate,

the upper half winged, strigose, exserted;

«= 20 (Figs. 24,25, 26).

Locally common but otherwise rare in

dry, open grassland areas and roadsides

in west central Texas from eastern Pecos
Co., east to Irion Co., and north to How-
ard Co.. from 60(3 to 900 m elevation (Map
3). Flowering from July to September.

Representative collections: UNITED STATES:
TEXAS: Coke Co.: Bronte. 1 .lul 1916. Palmer
10351 (ds. mo, us). Howard Co.: N of Big
Springs. 11 Jun 1900, Eggert s.n. (mo). Irion

Co.: 3 mo S U.S. Hwy. 67 on Tex. Hwv. 915.

9 Jul 1966, Hess 7S6 (okl); Aug 1890. Nealley
201 (cs, Ksc, neb); 9 mi W Mertzon. 2 Sep
1967, Reveal & Davidse 901 (ariz. bry, cas,

COLO, cs, DS. GH, ISC, KSC. LL, MO, NY. RM,
rsa. smu, TEX, uc. US, UTc) . Sterling Co.: Hills

in Sterling Count}'. 2 Sep 1925. Tharp 3373
(us).

This species has a very limited distribu-

tion and the populations seen by us were
very small, consisting usually of only a

few hundred individuals. The rareness of

this species is also evident by the absence
or paucity of specimens in the various her-

baria w^e have visited. The type area is

supposedly in Pecos County, Texas, but
we have seen no other collections from
this part of Texas, and the label data may
be in error.

Coulter (1890) stated that Eriogonum
nealleyi belonged in what we call the

subgenus Ganysma and suggested that it

was closely related to E. ciliatum and E.

atroruhens—following, no doubt, the prac-

tice of Watson (1877) in separating those

species associated wath E. atroruhens from
those more closely related to E. alatuni.

However, we believe he erred in this

finding as E. nealleyi seems more closely

related to the members of Alata (sensu

Watson) since the inflorescence branching
develops in the axils of the upper leaves

and not in the axils of the bracts as in

the Ganysma (sensu Watson) group.

We have placed Eriogonum nealleyi in

the section Astra. In certain characteristics

this species does resemble E. alatum var.

glahriusculum. especially in the glabrous

jieduncles and involucres, similar leaf

})ubescence, and in having seven or more
cauline leaves. However, E. nealleyi is

much more closely related to E. hieraci-

folium in possessing a branched caudex
system, pilose filaments of the stamens,

and a pandurate achene with scattered

strigose hairs. The nearly glabrous condi-

tion throughout the stem of E.. nealleyi

quickly distinguishes it from the other

species of Astra which have some stem
pubescence. The similarity of habit,

flowers, and fruits tends to suggest that

£. nealleyi and E. hieracifolium are more
closely related to one another than to the

Alata complex (Fig. 38).

Of all the species of sections Astra and
Alata, Eriogonum nealleyi occurs at the

lowest elevation (between 600 and 900 m)
and in the most xeric conditions. It is easy

to speculate that the origin of E. nealleyi

might be from populations of E. hieraci-

folium in the mountains to the west. After

the establishment of E. nealleyi and E.

hieracifolium in the disturbed habitats and
along with the varied environmental con-

ditions, convergent evolution could have
taken place in which characteristics simi-

lar to those in E. alatum var. glahriuscu-

lum developed. In addition to sharing

these characteristics with var. glahriuscu-

lum. the}" are also somewhat similar in

their habitat preference, although var.

glahriusculum is found a little higher up
and consequently in slightly less xeric

regions.

IV. Eriogonum sect. Alata

Eriogonum Michx. subgen. Pterogonum (H.
Gross") Reveal sec t. Alata Brnfh. in DC. Prodr.

14: 6. 1856. Species lectotvpus: E. alatum Torr.

in Sitgr., vide Reveal in Gunckel. Curr. Topics

PI. Sci. 243. 1969.—Sect. Alarium Kuntze in

Post & Kuntze. Gen. Phanerog. 204. 190.3.

Tall, erect monocarpic perennial herbs

arising from a deep rootstock, glabrous to

silky-pubescent; leases basal and cauline,

linear-lanceolate to oblanceolate or spathu-

late, glabrous to densely' pubescent;

hracts ternate, mostly scalelike, connate
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at the base; inflorescences elongated, open,
paniculate cymes; peduncles stoutish;

involucres turbinate to campanulate, the
5 teeth mostly acute to truncate, the bract-

lets linear-oblanceolate, glabrous or slight-

ly ciliated, the pedicels glabrous; flowers
yellowish, the tepals glabrous; anthers
yellow to red; achenes winged the entire

length of the fruit, glabrous.

The basis for this section is the growth
habit of its single species, Eriogonum ala-

tum. The plants of this species form a basal

rosette of leaves which remain vegetative
for two to five or more years before a flow^-

ering stem is produced. Once the plant
flowers, it dies. These basal rosettes arise

from a single, deep taproot, a very dif-

ferent habit from the branched caudices
of the species in other sections of Ptero-
gonum. The monocarpic nature, which we
speculate to represent a most advanced
evolutionary stage within the subgenus,
has strongly influenced our evaluation of

the section Alata and, consequently, typ-
ifies this unique taxon. The section forms
a close association with the section Astra
in that both groups have cauline leaves,

and the ternate bracts are restricted to the
inflorescence branches.

The winged achenes of Eriogonum
alatum are the most pronounced in the
subgenus. In the genus overall, the
achenes may be angled at the beak, but
only in subgenus Pterogonum are the
angles accentuated into distinct ridges or
wings. Because the margins of the fruit

form distinct and nearly membranaceous
wings in Alata, we choose to mark this as

an evolutionarily advanced condition over
the partially winged state of the other
species of Pterogonum.

Likewise, the pale yellowish color of

the flowers is unique for Pterogonum. So
it seems, then, that Eriogonum alatum
exhibits a series of features which dis-

tinguishes it from all others, not only in

Pterogonum but in Eriogonum as well,

and we propf)se therefore the monotypic
section Alata for the species.

10. Eriogonum alatum Torr. in Sitgr.

Tall, erect monocarpic herbaceous per-

ennials 5-20 (26) dm high from a deej),

chambered, soft, woody taproot; rosettes

basal, of ascending leaves, f)ersisting

throughout the growing season and pro-

ducing a new flush of leaves for an in-

determinate number of consecutive years;

leaves basal and cauline, the basal leaf-

blades linear-lanceolate to lanceolate or

oblanceolate to spathulate, (3) 5-20 cm
long, 0.3-2 cm wide, strigose to glabrous,

often slightly more strigose above than be-

low, the margin ciliate, the apex obtuse or

acute, the base long cuneate to a slightly

winged petiole, the petiole 2-6 cm long,

mostly strigose, the petiole-base scattered

strigose to densely woolly without, stri-

gose to mostly glabrous within, the cauline

leaf-blades alternate, linear-oblanceolate to

lanceolate, 1-9 cm long, sparsely strigose

to glabrous on both surfaces except for the

strigose and ciliate midvein and margin,
the apex acute to slightly obtuse, the base

tapering to a short, narrowly winged pe-

tiole, often wdth numerous, smaller axil-

lary leaf-blades at the base of the petiole-

base; stems erect, 2-13 dm high, densely
to slightly strigose at the base and be-

coming scattered strigose to glabrous near
the inflorescence; inflorescences open pa-

niculate cymes, the branches occurring
from the base of the plant upwards, but
mostly restricted to the upper half of the

plant, 2-10 dm long, sparsely strigose to

glabrous; bracts foliaceous and scalelike,

the foliaceous ones restricted to the base

of the secondary branches along the main
axis, 2-9 mm long, linear to linear-lanceo-

late, strigose to glabrous, usually only one
per node, the scalelike bracts restricted to

the remaining nodes, ternate. 0.8-5 mm
long, triangular to linear, strigose to gla-

brous without, usually glabrous within,

connate at the base; peduncles erect,

slender, straight or curved, 0.5-3.5 cm
long, sparsely strigose to glabrous; involu-

cres turbinate to campanulate. 2-4 (4.5")

mm long and wide, strigose to glabrous

without, glabrous within except for the

ciliated margins in some, the 5 acute

to triangular teeth 1-1.8 mm long, mostlv

erect or onh' weakly ascending, the bract-

lets linear-oblanceolate, 2-3 mm long,

glabrous or slightly ciliate, the pedicels

2-6 nun long, glabrous; flowers yellow

to yellowish green with a dark redilish

green or reddish lirowii midrib and base,

1.5-2.5 null long in .nithesis, becoming
3-6 mm long and reddish in fruit, glabrous

without and essentially so within, the

tepals essentiallv mononiorphic. mostly

lanceolate; stamens slightly exserted, 1.5-
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Fig. 50. Illustration of Eriogonum (datum, showing tlie general liabit CA), a detail of a single
plant with a chambered taproot (B), an involucre and flowers (C), and a mature achene (D) of var.
alatum; and a leaf-blade (E) of var. mogollense; plus an involucre with flowers (F) and a mature
achene (G) of var. glabriusculum.
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3 mm long; the filaments glabrous, the

anthers yellow to red, 0.4-0.5 mm long;

achenes yellow to yellowish green ma-
turing reddish brown, short stij)itate, 5-9

mm long, 3-6 mm wide, glabrous, distinct-

ly 3-winged the entire length of the fruit,

exserted; n= 20 (Figs. 27-33).

Common in grasslands of the Great
Plains and in the pinyon-juniper wood-
lands and ponderosa pine forests of the

Rocky Mountains from northern Chihua-
hua, Mexico, northward in the Great
Plains to Nebraska and Wyoming, and in

the Rocky Mountains to Utah and Colo-

rado, from 300 to 3100 m elevation (Map
4). Flowering from June to October.

This poljTTiorphic species, which has re-

sulted in the separation of several infra-

specific variants, has a wide range of dis-

tribution. We recognize three: var. alatum.

var. mogollense, and var. glabriusculum.

The two non-typical forms have a restrict-

ed distribution, and are easily defined.

However, within the concept of var.

alatwn, there are additional forms which
have been described and are strikingly

different but seem to fail to reflect any
particular distribution pattern. In var.

(datum there are both densely strigose and
weakly strigose plants; leaves that are

nearly linear and leaves that are much
broader; plants which branch from near
the base of the stem to the top, and others

which branch only on the upj)er half of

the plant. All of these phases are indis-

criminately scattered throughout the

general range of the t3pical variant, or

they may be found in scattered locations.

Because of these field data, we have de-

cided not to further subdi\ade var. alatum.

Key to the Varieties of E. alatum

A. Plants strigose throughout or occasionally sparsely strigose on the pe-

duncles with glabrous involucres; inflorescences mostly developed from
the basal nodes through the upper nodes; stems and inflorescences 10-

17 dm tall; common in the Rocky Mountains and Great Plains southward
to northern Mexico.

B. Basal leaves 0.3-1.5 cm wide, linear-lanceolate to lanceolate or ob-

lanceolate; petiole-base strigose; widespread and conunon through-
out the range of the species 10a. var. alatum

BB. Basal leaves 1-2 cm wide, spathulate; petiole-base woolly; local in

forests around Flagstaff, Arizona 10b. var. mogollense

AA. Plants glabrous or slightly strigose in the inflorescence and rarely with
strigose peduncles; inflorescences mainly developed in the upper nodes;
stems and inflorescences 10-25 dm high; common in the southern Great
Plains of north central Texas, and western Oklahoma and rarely north-
eastern New Mexico 10c. var irlahriusculum.

10a. Eriogonum alatum \ar. alatum
Figs. 50a, b, c, d.

Eriogonum alatum Toit. in Sitgr.. Rep. Exped.
Down Zuni and Colorado Rivers 168. 1854.
—Near Zuni, McKinley Co.: New Mexico, 25
Sep 1851. Woodhouse s.n. Lectotvpus ny!—
Pterogonum alatum (Torr. in Sitgr.) H. Gross,
Bot. .Tahrb. Syst. 49: 239. \9\'i.--Eriogonum
alatum Torr. Sitgr. ssp. typicum S. Stokes.

Gen. Kriog. 20. 1936.

Eriogonum alatum Ton-, in Sitgr. var. vlatum
Geyer ex Benth. in DC, Froth-, 14: 7. 1856.
—-"On trap rock.s, opposite tlie Red Butter
[sic, Buttes], between Platte and Swect-watei-
Rivers, on banks of deep and ferruginous
loam," Natrona Co., Wyoming. .Tun or Jul

1843, Geyer 145. Holotype: k! Isotypes: bm,
E, g!

Eriogonum triste S. Wats., Proc. Amer. Acad. Arts
10: 347. 1875.- Likely from near Kanah, Kane
Co.. Utah, 1874. Siler 147. Holotype: gh!

Isotypes: c..\s, isc, k, mo. ny, uc, us! Eriogo-

num alatum Torr. in Sitgr. ssp. triste (S.

Wats.) S. Stokes, Gen. Eriog. 20. 1936.

Eriogonum alatum Torr. in Sitgr. var. hrerifolium
Gand.. Bull. Soc. Roy. Bot. Belgique •^2: 186.

1906.- I.aramie Hills, Albany Co.. Wvoming,
29 .lun 1896. E. Nelson 19S9. Holotype: ly!

Isotypes: bm. cs. ksc, mont, rm!

Tall, erect perennial herbs 5-13 (17)

(hn high; leaiws basal, infrocpiontly cau-

line, the basal leaf-blades linear-lanceolate

to lanceolate or oblanceolate, (3) 5-15 cm
long, ()."5~1.5 cm wide, strigose or glabrous

except for tlie strigose midvein and mar-

gin, the petiole 2-5 cm long, the petiole-

base s[)arsely strigose to strigose. the cati-

line leaf-blades l-() cm long; inflorrsrrnccs

thinh' strigose. infre()uentl\ glabrotis at

iiwitiirity, 2-10 (bii long; pcdutich's stri'

J
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gose or nearly so; involucres strigose to
rarely glabrous without, the teeth acute
or obtuse; achencs 5-8 mm long. 3-() mm
wide; Az= 20 (Figs. 27, 28).

Common in sandy to gravelly places in
open grasslands or among pinyon-juniper
woodland or pine forests of 'the Rocky
Mountains from Utah and Arizona across
Colorado and New Mexico into the Great
Plams from southwestern Nebraska anrl
adjacent Wyoming to northern Me.xico
from 1350 to 51()() m elevation. Flowerinu
from .Tune to October.

Hf.present.vtive collections: MEXICO: Chiliua-
hua: Gnayanopa Canyon. Sierra Madre Oc-
"/l?nlal. 24 Sep 1903. M. E. Jones s.n. (ny)NITED STATES: ARIZONA: Apache Co.'
Luka-Chukae Mts., 9 Aug 1939, Goodman &
Parson 3 i89 (isc. mo, ny). Cochise Co.: Mus-
tang Mts., 28 Jun 1884. Pringle s.n. (br e
G. GH NY, OKL, p, us). Coconino Co.: Near
Jacob Lake. 4 Aug 1967, Gentry & Davidse
1797 (NY uc, UTC, WTU). Gila Co.: Near Black
River, 28 Jul 1965. Hess 353 (..riz. okl)
Graham Co.: 6 mi W Point of Pines ^4 Jul
19d2. Bohrer 425 (.ariz). Greenlee Co.': Below
Sardine Saddle 24 Jul 1973, Lehto et al.
11262 Usv). Mohave Co.: Toroweap Valley
10 May 1952, McClinlock 52-517 (^mz)
Navajo Co.: 19 mi NE Show Low, 29 Jul 1965
Hess 571 (.ARIZ, duke, okl. tex. uc). Pima
4^^?""^ Canj^on. 15 Sep 1958, Goodding
488-58 (ariz). Yavapai Co.: Near Prescott 8

?«^^^SS^ Alamosa Co.: N of Alamosa.
28 Aug 196/. Lewis s.n. (asu). Archuleta Co.-
Pagosa Springs. 12 Jul 1899. Baker 283 (bm

lo'"/"' ''Tn^o^'.y'^-
^^o"lder Co.: Horse Mesa.

22 Jun 1913, Ramaley 9600 (colo). Chaffee
Co.: 4-3 m SW Trout Creek Pass. 2 Jul 1959
Russell 10115 (cs). Clear Creek Co.: Idaho
Springs 17 Aug 1923, Pammell & Jeffers s.n

Vn^}- c?"'!^""
^°-^ - "" E Westcliffe. 3 Aug

1968, Stephens & Brooks 26693 (kans) Delta

h?-^z.
^ ^L^^"^' Cedaredge. 31 May 1952.

Weber 7575 (colo). Douglas Co.: Buffalo
Creek, 4 Aug 1933, Goodman 1997 (gh isc

t''^- r?o.°''^'^-
""'"^- ^^ P^s" Co.: Mantou. 18

Jul 1886. Bessey s.n. (neb). Fremont Co- 8

^'^'oo ? T'^-:^''.
^^^''^- "> J"^ ^^^54. Harringtonn22 fcs). Gilpm Co.: Near Pine Cliff 13 Jul

)SiJr-r^""'-l
^^^^-^ ^^'^^- Huerfano Co.: 16 m>

Vz!^.^^'"'^"'^'"- ^ ^"g 1^68- Stephens 8z Brooks
26660 (kans). Jefferson Co.: Morri.son. 1877
Hooker & Gray s.n. (k). Kit Carson Co.:"
Without location, Aug 1890. Harris s.n. (ill)
La Plata Co.: 5 mi W Durango. 4 Aug 1965
Hess 469 (ariz. okl). Larimer Co.: 3.5 mi S

^Ai^fJ^""^- 21 Aug 1970. Stephens & Brooks
42769 (KANs). Mesa Co.: 6 mi S Fruita. 22May 1948. Weber 3892 (ariz, colo. tex

I n'^'^- •

/)^°"\^^"™^ C"- ^ "li E Cortes, 9 Sep
j968 Howell & True 45005 (cas). Montrose
Co.: 18 mi E Naturita. 15 Jul 1935. Maquire
& Piranian 12439 (uc). Ouray Co.: Ourav.
II Jun 1969, Atwood & Higgins 1822 Cbry).
Park Co.: Spruce Grove Campground. 5 Aue
1971. Pmkava 8932 (asu). Pueblo Co.: Colo

rado Sprmgs. 25 Jul 1884. Letterman s.n (mo)
Sanguarhe Co.: Junct. of 114 S of US Hwy
50. 13 Jul 1963. Dunn & Willey 14556
fuMo). Teller Co.: 2 mi S Florissant.' 16 Aug
^96\ Ufis & litis 18735 (wis). KANSAS: Rus
sell Co.: 4 mi N Russell. 6 Jul 1959, Jackson
139 (kans). Scott Co.: 14 mi N Scott City
28 Aug 1957. McGregor 13643 (kans) NE-
BRASKA: Banner Co.: SW Harrisburg 17
Jul 1968. Stephens & Brooks 24801 (kans).
Cherry Co.: Near Hackberrv Lake, Jun 1912
Doorak s.n. (neb). Chevenne Co.: 1 mi E l'

V'A^ ^''"""^- ^^ ^"S ^967, Stephens & Brooks
16048 (kans). Deuel Co.: McColligan Canyon.
22 Aug 1891. Rydberg 330 (..\riz. neb, ny)
Kimball Co.: 1.5 mi W Di.v. 27 Jul 1971
Stephens 50127 (kans). Morrill Co.: 4 mi N
Broadwater, 12 Jul 1967. Stephens & Brooks
13914 (K.ANS). Scotts Bluff Co.: 8.5 mi W
™"^- ^'^ ^"^ ^^''O. Stephens & Brooks
43993 (kans). NEW MEXICO: Bernalillo
Co.: Manzano Mts.. 6.2 mi S U.S Hwy 66
along N.M. Hwy. 14, 24 Aug 1973. Holmgren
& Holmgren 7379 (bry, ny, unm). Catron
Co.: 4 mi S Beaverhead Ranger Station 18
Aug 1966. Hess 879 (.\riz. okl). Colfax Co

-

Raton Pass. 27 Jun 1971. Godfrey 70566 (fsu)
DoBaca Co.: 8 mi E Yeso, 12 Aug 1947
Waterfall 7730 (gh). Eddy Co.: Guadalupe
Mts., 19 Oct 1939, Barneby 2585 (ny). Grant
Co.: Near Tyrone. 9 Aug 1968. Gentry &
Jensen 2277 (asu, cs, ds, ids. isc, ksc ny
osc. TEX, UTC, WTu). Hidalgo Co.: Indian Cr

"

Animas Mts., 7 Oct 1967, Hess 1552 (smu)
Lincoln Co.: 3 mi E Nogal. 25 Jul 1965. Hess
302 (.ARIZ. okl. tex). McKinlev Co.; Chaco
Canyon, May 1937. Hastings s.n. (.ariz). Mora
Co.: 1 mi NW Wagon Mound. 30 Jul 1968
Stephens & Brooks 26171 (kans). Otero Co.-
12.5 mi S Mescalero, 24 Jul 1965. Hess 294
(ariz, okl). Rio Arriba Co.: 44 mi N Espafi-
ola along U.S. Hwy, 84. 3 Jul 1970. Higgins
3584 fBRY. wTs). Sandoval Co.: Sulphur
Springs. 17 Aug 1926. Arsene & Benedict
16440 (isc). San Miguel Co.: Gallinas River
Valley. 11-17 Aug 1945. Lundell & Lundell
14494 (ll). Santa Fe Co.: Canoncito. 12 Jul
1926. Arsene & Benedict 15913 (p). Socorro
Co.: Chupadera Mesa. 11 Aug 1948. Dunn &
r.vit 4339 (uMo). Taos Co.: Near Tres Ritos.
16 Aug 1946, Martin 1064 (wtuV Torrance
Co.: 2 mi NW Monzano, 4 Aug 1949. Dunn
6163 (kans. umo). Union Co.: 32 mi W Clay-
ton. 24 Aug 1966. Hess 976 (.ariz, okl). Va-
lencia Co.: Mt. Sedgwick. Zuni Mts.. 17 Aug
1968. Riffle 811 (unm). TEXAS: Brewster
Co.: Green Vallej-. Glass Mts.. 23 Jul 1940.
Warnock W5 (ariz, isc. tex, us). Culberson
Co.: Near Frijole. 30 Jul 1930, Grassl 182
(.\Riz). Dallam Co.: T^nknown location. 8 Aug
1891. Carleton 397 (cs. ksc. osc). Hudspeth
Co.: 0.5 mi N McAdoo Ranch, Sien-a Diablo
Mts.. 29 Aug 1949. Hinckley & Hinckley 308
(kans. smu). UTAH: Carbon Co.: Tavaputs
Plateau, 19 Jun 1965. Holmgren et al. 1961
TaRIZ. BRY, CAS. COLO, CS. DS, GH, ISC. KSC. MO.
NCU, NY. OKL, OSC. RENO. RM. RSA, SMU. TEX,
UC, US, UT. UTC. WIS. ws, wTu). Daggett Co.:
12 mi S Manila. 16 Aug 1935. Maguire et al.
12655 fcH. utc). Duchesne Co.: 18 mi W Du-
chesne. 5 Jul 1947, Ferris 11312 (cas. ds. utc.
w-Tu). Emerj- Co.: 27 mi W Green River. 25
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May 1961. Cronquist 9i04 (ny). Garfield Co.:

7 mi E Escalante, 2 Jun 1948, Holmgren 7727
(cAS, uc, UTc, ws, WTu). Grand Co.: Moab.
9 Jul 1913. M. E. Jones s.n. (pom). Iron Co.:
Near Cedar Breaks Natl. Mon., 2 Sep 1936.
Gierish s.n. (utc). Kane Co.: 10 mi N Glen-
dale. 18 Jul 1940. Maguire 19661 (nv, utc).
San Juan Co.: Comb Reef, 20 Jun 1944.
Holmgren & Hansen 3414 (ariz. gh. ids. ny,
osc, uc, us, UTC, ws). Sevier Co.: 31 mi S
Emery, 22 Jun 1961, Cronquist & Holmgren
9525 (ny, utc, ws, WTu). Uintah Co.: 46 mi
SE Ouray, 27 Jul 1965, Holmgren et al.

2273 (ariz, bry, cas, colo, cs, ds, gh, mo,
ny, okl, osc, reno, rm, rsa, tex, uc, us, utc,
WTu). Utah Co.: P. V. Junction, Aug 1883,
M. E. Jones s.n. (ds, pom). Washington Co.:

Hurricane, 17 Jul 1925, Kraus s.n. (wis). Wa-
satch Co.: Strawberry Reservoir, 22 Jul 1948.

Ripley & Barneby 9946 (cas). Wavne Co.:

30 mi N Boulder, 2 Aug 1965, Hess 423
(ariz, okl). WYOMING: Albany Co.: Sheep
Mtn., 2 Sep 1903. Goodding 2108 (gh, ny,
us). Carbon Co.: Platte River, 9 Jul 1894,
Nelson 416 (ny, rm). Goshen Co.: Raw Hide
Buttes, 23 Jul 1909, Cory 378 (us). Laramie
Co.: Cheyenne, 11 Aug 1891, Nelson IS (gh).
Niobrara Co.: 3 mi S Manville on Wvo. Hwy.
270, 11 Aug 1975, Hess 3542 (mor). Platte

Co.: Guernsey Lake State Park, 11 Jul 1946,

C. L. Porter 4011 (ds, gh, kans. rm. uc. wtu).
Sweetwater Co.: 20 mi W Green River near
Little America, 17 Sep 1961. Mason 4034
(asu, bry, osc).

In the subgenus Pterogonum, the dis-

tribution of var. alatum is the most ex-

tensive. Within this broad geographical
range there are numerous minor phases
which have, in the ])ast, been noted as dis-

tinct. Ecological conditions most likely ac-

count for this variation since the plants of

var. alatum may occur within ponderosa
pine forests, grasslands openings within
the forests, in the grasslands of the north-

ern latitudes, or in the quite xeric areas

on exposed limestone with scattered ])in-

yon-juni})er as seen in parts of Utah and
northern Arizona. The plants in Wyo-
ming and adjacent western Nebraska have
been called var. elatum (and later, var.

brevifolium) and are characterized by
short, narrow, basal leaves. The occur-

rence of this kind of leaf shape, however,
is widely scattered, and plants which re-

semble those of var. elatum are foiitid

throughout the general range of \ar.

alatum. Those plants considered to be

Erioponum tristc are more restricted, oc-

curring primarily in southern Utah and
northern Arizona. They have a tendency
toward a glabrous condition, but again

this feature can be seen in other popn
lations beyond the range noted alxne.

Even in Utah and Arizona there are in-

dividual plants which vary from densely
strigose to nearly glabrous even in a single

population. We have seen var. alatum in

the field throughout most of its range and
have examined innumerable herbarium
specimens. We prefer a more conservative

treatment because of the wide morpholog-
ical variation and lack of any consistent

geographical associations found in the

various forms aligned with var. alatum.

The center of distribution for var.

alatum would seem to be the southwestern
United States, perhaps in the Mogollon
Mountains of New Mexico. Here the popu-
lations mostly occur in relatively undis-

turbed areas, whereas farther north the

populations are more common along dis-

turbed sites such as road cuts, erosional

cuts, and canyon breaks. Its migration
would seem to be northward in the moun-
tains and onto the Great Plains via water-

ways. With such a broad distribution and
the diversity of available habitats, certain

morphological features (i.e., short leaves,

glabrous condition) have become estab-

lished. However, no discernible patterns

have been consistent, and as a result var.

alatum is quite variable, perhaps with
ecotypes in their early stages of evolution-

ary development.

Plants intermediate between var. alatum
and var. glahriusculum were fovnid in

Union County, northeastern New Mexico,
on the canyon breaks above Tramjieros

Canyon (Hess 976) . This has indicated a

possible pathway for the movement of cer-

tain members of this species onto the

Great Plains. With the follo\^^ng isolation

and selection within a more restricted dis-

tribution, a polymorphic taxon of Eriogo-

iium aUitiun could result.

10b. E.riop,onum alatum var. mogollense
Stokes ex Jones

Fig. 50e.

Eriognnum alatum Torr. in Sitgr. var. mogol-
lense Stokes ex .loiios, Contr. W. Bot. 11: 15.

1901 -Flagstaff, Coconino Co., Arizona. 7 Aug
1884. M. /','. Jones 3975. Lectotype: pom! Iso-

lectotypes: ariz, bm, br, cas. ds, g, gh. ny,

p, uc, us. utc!—Eriogonum alatum Torr. in

Sitgr. ssp. mogollense (Stokes ex Jones) S.

Stokes, Gen. Eriog. 20. 1936.

F.ringonum alatum Torr. in Sitgr. var. mac-
ilnugalii Gand., Bull. Soc. Rov. Bot. Belgique

42: 186. 1906. -Near Flagstaff. Coconino Co.,

Arizona. 8 Jul 1898. MarDougal 259. Ilolotype:

i,y! Isotvpes: hki,. e. g. gh, i.sc. ny, p. ph, UC,

us!
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Tall, erect pereiniinl herbs 8-13 dm
high; leaves beisal and cauliiie, X\\v basal

leaf-bhules spatliulate, 4-11 c ni loiig, 1-2

cm \vi(]e. strigose above, ghibrous below
excej)! for strigose midvein and margiTi.

the j)etiole 4-6 cm long, the petiole-base

densely ])n)\vn woolly, the cauline leaf-

blades 1-5 cm long; inflorescences strigose,

2-6 dm long; peduncles strigose; involucres

strigose without, the teeth mostly acute,

the bractlets ciliate; achcnes 5-8 mm long,

(4) 4.5-6 mm wide; /2-20 (Figs. 29. 30,

31).

Common in open pinyon-juniper and
ponderosa pine forests in and around the

Magstaff area of Coconino Co., Arizona,
northward to the south rim of the Grand
Canyon, and eastward on the Mogollon
Plateau to north of Show Low, Navajo
Co.. Arizona, from 18(J() to 2500 m eleva-

tion. Flowering from June to September.

Represent.^tive COLLECTIONS: ARIZONA: Coco-
nino Co.: Flagstaff: 29 Jul 1910, Adams s.n.

(wis); 22 Aug 1941. Denver 429 (asc); 8 Aug
1922. Hanson A183 (neb. osc. tex); 14 Aug
1920. Thornber s.n. (ariz, taes) ; 28 Jun 1935.

Whiting 75^/870 (mna); 1 mi N of S en-

trance to Grand Canyon N.P., 25 Jul 1961.

Harrington 9639 (cs) ; 23 mi N Payson. 23
Aug 1966. Hess 96i (..\riz. okl); NW of Flag-

staff, 18 Aug 1973. Reveal & Reveal 3225
(bry. NY, us). Navajo Co.: 9 mi N Heber. 4
Jul 1965, Pinkava 2320 (asu).

The plants of var. mogollense are re-

stricted in distribution to the mountains
around Flagstaff. Arizona, and eastward
on the Mogollon Rim to southwestern
Navajo County. This variant may be char-

acterized by its spathulate basal leaves

and woolly petiole-bases. Otherwise, the

plants are similar to var. alatum. Popula-
tional analysis of the plants in the Flag-

staff area predominantly shows the spath-

ulate leaf character. It would seem that

no or little movement of genes controlling

the leaf-.shape has occurred in this area;

therefore, the spathulate leaf character has
been maintained. However, it is difficult

to determine if there is a populational

change in the frequency of plants with
spathulate leaves as opposed to those with
lanceolate leaves. Although plants ap-

proaching the morphological characteris-

tics of var. mogollense occur elsew^here. it

seems reasonable to recognize var. mogol-
I
lense due to the constancy of its morpho-
logical characteristics associated with its

I limited range.

10c. Eriogonum alatum var. glahriusculum
Torr. in Wliipple

Figs. 50f, g.

Kriogonurn alatum Torr. in Sitgr. var. glabrius-

riiliim Tori\ in Wliipple, E.xplor. & Sui"v.

Railroad Route from Mississippi River to Pa-
cific Ocean 4: 131. 1857. High places near the

Canadian River, Roger Mills Co., Oklahoma,
3 Sep 1853. Bigelow s.n. Holotype: ny! Iso-

type: us!

Tall, erect perermial herbs 10-20 (25)
dm high; leaves basal and cauline, the

basal leaf-blades linear-lanceolate to

lanceolate, 8-20 cm long, 0.5-1.5 cm wide,
slightly strigose or glabrous above, gla-

brous below except for the strigose mid-
vein and margin, the petiole 2-5 cm long,

the petiole-base slightly strigose without,

the cauline leaf-blades 1-9 cm long, 0.3-

0.9 cm wide; inflorescences glabrous, 2-

6.5 dm long; peduncles glabrous or oc-

casionally slightly strigose; involucres

glabrous without, the teeth obtuse or trun-

cate, the bractlets glabrous; achenes 5.5-

9 mm long, 3-5.5 mm wide; ^2= 20 (Figs.

32, 33).

Common in the grasslands along can-

yon breaks from Curry Co., New^ Mexico,
eastward across northern Texas to western
Oklahoma, from 500 to 1400 m elevation.

Flowering from July to October.

Representative collections: NEW MEXICO:
Curry Co.: Along Frio Draw, neai- Ruth, 27
Jul 1939, Reynolds 242 (neb). OKLAHOMA:
Reckham Co.: 21 mi N Sayre, 10 Aug 1927,

Stratton 364 (mo). Ellis Co.: Near Shattuck. 11

Oct 1913, Stevens 2938 (ds, gh. k, mo. ny,
OKL, us). Garvin Co.: 2 mi S Purdy. 24 Sep
1966, He.^s & Harrison 984 (.'vriz. okl). Roger
Mills Co.: 6 mi SE Cheyenne, 21 Aug 1950,

Goodman & Kelting 5404 (kans, ny, okl,
tex). Stephens Co.: 6 mi W Foster. 24 Sep
1966, Hess & Harrison 985 (okl). Woodward
Co.: 8 mi SW Woodward, 20 Jul 1934. Good-
man 2i80 (lsc, mo, okl). TEXAS: Armstrong
Co.: 15 mi S Claude, 23 Aug 1967. Reveal
& Davidse 879 (ariz, bry, cas, gh, mo, ny,
rm, rsa, uc, us, utc). Briscoe Co.: Tule Can-
yon. 24 Aug 1967, Reveal & Davidse 880
(ariz. bry. cas, gh, LL. mo, NY, RM, RSA, SMU,
TEX, TTc, US, utc). Carson Co.: 3 mi NW
Skellvtown, 27 Aug 1967, Stephens & Brooks
17i50 (kans). Childress Co.: Childress, 1 Oct
1932, Tharp s.n. (tex). Crosbv Co.: 3 mi E
Crosbyton. 29 Jun 1964. Hanson 479 (ll,

tex, us). Dickens Co.: Between Croton and
East Afton, 10 Aug 1972, Higgins 6092 (bry,

WTs). Donlev Co.: Betw^een Clarendon and
Brice, 8 Sep 1934, Reed 4087 (tex). Floyd
Co.: Plainview Road. 23 Aug 1921, Ferris &
Duncan 3366a Tmo. ny). Grav Co.: 15 mi SE
Pampa. 3 Aug 1966, Hess 761 (okl). Hall

Co.: Brice. 8 Sep 1934. "collector unknown"
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4087 (ttc). Hemphill Co.: 6.7 mi NE Cana-
dian, 28 Sep 1935, Parks & Cory 161S2 (t.\es).

Hutchinson Co.: 7 mi from Adobe Wall site.

28 Aug 19&K Correll & Correll 5001t (ll).

Lipscomb Co.: 1 mi N Lipscomb, 21 Sep
19:58, Wallis 7956 (smu. tex). Lubbock Co.:

Lubbock, s.d.. Reed 5106 (us). Motley Co.:

Roaring Springs. 26 Sep 1935, Parks & Cory
15977 (t.-^es). Ochiltree Co.: 12 mi SE Perry-

ton, 20 Sep 1958. Wallis 7883-i (duke, smu,
TE.x). Randall Co.: Canyon, 3 Oct 1918, Palmer
14587 (bkl, mo. NY, wis). Roberts Co.: 27 mi
S Perryton, 19 Sep 1958, Wallis 7843 (t.\es,

tex).

The trends in var. glabriusculuni are

easily distinguished when populations are

examined. Many plants are over 1.6 ni

tall, and heights of 2.5 m are known. The
basal leaves are generally long and nar-

row, with less ])ubescence than those of

the other varieties of the species. The in-

florescence branching is restricted to the

upper nodes of the stem and is not devel-

oped from the bottom nodes as is common
in var. alatum and var. mogollense. For
the most part, the involucres and pedun-
cles are quite glabrous and the remaining
branches of the inflorescence are glabrous

or with scattered pubescence. The involu-

cral lobes are not sharply pointed but are

often irregular or truncate. These trends

in populations of var. glabriusculuni tend

to place it apart from the other varieties.

In Oklahoma and Texas, var. glabrius-

culum is most often found on slightly fhs-

turbed ground at the edges of canyons
and gullies. The occurrence of this vari-

ant on the breaks suggests a pathway of

distribution from the Rocky Mountains
onto the Great Plains as mentioned before.

Incipient speciation may occur with the

present isolation if the morpbological dif-

ference of var. glabriusculurn and var.

alatum are genetically controlled. This
would be speculation, and since \ar.

alatum is quite variable, including some
infraspecific characteristics conmion to

var. glabriusculum. consideration of the

Oklahoma and Texas taxon as a \'ariety

seems to be the nujst reasonable.
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HOST-PARASITE RELATIONSHIPS AND INTRASPECIFIC
VARIATION IN POSTHODIPLOSIOMUM MINIMUM

(TREMATODA: DIPLOSTOMATIDAE

)

James R. Palmierii

Abstr,\ct.— Posthodiploslomum minimum (MacCallum 1921), a strigeoid tromatode normally
found in the intestine of piscivorous birds, has been shown to be capable of developing in 17 orders

of amphibian, reptilian, avian, and mammalian hosts. Both Physa gyrina and Ly?nnaea reflexa serve

as the first intermediate host. Only sunfish from the lakes region were infected with nietacercariae

of P. minimum, indicating the presence of two physiologically distinct strains of Posthodiploslomum.
Extensive feeding experiments involving all four vertebrate classes of hosts demonstrated the lack of

host specificitj' in this genus.

Posthodiplostomum minimum (Mac-
Callum 1921) is a strigeoid trematode of

the family Diplostomatidae Poirier 1886.

Adults of this species (Fig. 1) parasitize

the intestine of piscivorous birds, and the

metacercarial stage is found in various

freshwater fishes.

Two subspecies of P. minimum have
been reported, based upon the ability of

cercariae to penetrate and develop either

in centrarchid or cyprinid fish hosts

(Hoffman 1958).
Since Stunkard's report on intraspecific

variation in 1957, several more recent ex-

perimental studies have shown that size,

shape, and position of various organs and
structures in helminths may be consider-

ably modified by the host. For many
years, investigators such as Dubois
(1944, 1955, 1968, 1970) have delineated

species of strigeoids largely on the basis

of host specificity. Recently, however,
several investigators have shown that

parasites can, indeed, develop within
hosts that normally would be ecologically

isolated from involvement in the normal
life cycle of the parasite.

HiSTORIC.M. RkVIF.W

Early literature concerned with the
taxonomy and development of P. min-
imum is confusing, principally because
various cercariae and metacercariae have
been associated with the adult stage. Two
distinct subspecies or phvsiological strains.

namely P. minimutu minimutu and P.

minimum ccntrurchi. are now recognized.

Throughout the literature, five cercarial

types have been reported and described as

belonging to Posthodiplostomum min-

'Department of Zoology nnd Entomolnpy, low.i Slnle Univcisilv. .\iiics, Iowa 50010. Now at University of California,
ICM Institute for Medical Rcsearrli, Kiial.i I,iiiiii)iir 02-14. Malaysia.

imum: Cercariae multicellulata. H. I\lil-

ler, 1923, 1925; C. physaei. Cort and
Brooks, 1928; C. louisiana, C. Miller,

1954; C. minimum, J. Miller, 1954; and
C. paramuhicellulata, Goodman, 1951.

Because of the synonomy and inadequate
descriptions of these cercarial types and
because of reported differences in size,

number, and arrangement of their setae

and spines, flame cell patterns, tail stem
musculature, and the presence or absence
of caudal bodies, these reports must be
viewed critically. Bedinger and Meade
(1967) reported a sixth cercarial type
(from Physa halei) said to be distinct

from those reported above. Their study
indicated that several physiological

strains or subspecies of P. minimum ap-

pear to exist, but no subspecies desig-

nation was proposed for their specimen.
The neascus-type metacercaria of P.

minimum has been by far the most
studicfl stage in its life cycle. It is this

stage that is so often rej)orted in fish-

parasite surveys throughout the United
States.

Leidy (1856) reported Diplostomum
cuticoJa, the species presently known as

Posf/iodiplostomum minimum, from the

integinnent of freshwater fishes. Adult
Diplostomum minimurti (P. minimum)
was first reported by MacCallinn (^1921)

from the intestine of a great blue heron
found dead at the Zoological Park in New
York. Because of previous inadequate de-

s(ri[)ti()ns of the metacercaria of P. min-
imum. Agersborg (1926) described meta-
< (>rcariae from the bhnit-nosed minnow
as Diplostomum ranrlcari, but in iiis de-

scription he confused anterior and pos-

terior ends. Hughes (1928) redescribed

334
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Figure 1. Diagram of adult P. minimum from
the gull (Larus argentatus) depicting major or-
gans undergoing morphological variation: A-aceta-
bulum; E-egg; EO-esophagus; F-forebodv; G-geni-
tal bursa; H-holdfast organ; HB-hindbody; I-in-
testane cecum; 0-oral sucker; OV-ovary; P-phar-
ynx; TA-anterior testis; TP-posterior testis; V-vi-
tellana.

this form as Neascus vanclcavi. In 1936,
based on studies of specimens from the in-
testme of a ^eat blue heron, Noble re-
named the adult Neodiplostomum orchil-
ongum. which he considered as represent-
ing a new species. Dubois (1936), in a
taxonomic study of the Strigeida, estab-
hshed the genus Posthodiplostomum and
mckided in it members of the Diplosto-
matidae parasitic in birds of the family
Ardeidae. He also reduced D. minimum
to synonomy with Posthodiplostomum
mimmum. In 1937 Ferguson considered
N. orchilongum as a synonym of P. min-
imum, an opinion confirmed by Dubois in
1938 in his monograph on the Strigeida.
The first report of possible host speci-

ficity of subspecies or of physiological
strams of P. minimum was that of Klak
(1940), who found metacorcariae devel-
oping in two separate lines of fish, the
Cyprinidae and Centrarchidae. Ferguson
(1945) reconfirmed Klak's investigation
and suggested that the taxonomic con-
fusion surrounding P. minimum could
be resolved only through experimental
and morphological studies.

In summary, the synonyms reported for
the adult fluke now considered to be
Posthodiplostomum minimum are as fol-
lows:

Diplostomum minimum MacCallum. 1921
Neodiplostomum minimum (MaCallum

1921) Dubois. 1935
Posthopilostomum minimum fMacCallum

1921) Dubois. 1936
Neodiplostomum orchilongum Noble. 1936
Posthodiplostomum orchilongum (Noble

1936) Dubois, 1937
Diplostomum vancleavi Agersborg. 1925
Diplostomum cuticola Leidy, 1856

Materials and Methods

The lakes region of northwest Iowa is
an area rich in conditions requisite for the
production of both snail and fish inter-
mediate hosts of Posthodiplostomum min-
imum. It also serves as both a feeding and
nesting area for piscivorous avian hosts
needed in maintaining the life cycle of
P. minimum. Fish, amphibian, reptilian,
avian, and mammalian hosts used in ex-
perimental studies were taken from this
area during 1971-1973. Additional hosts
were acquired from local commercial
hatcheries, from the Department of Gene-
tics, and from the Department of Zo-
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ology and Entomology at Iowa State Uni-
versity.

Intermediate hosts.— Laboratory-

reared snails {Physa gyrina and Lymnaea
reflexa) were maintained as described by
Ulmer (1970). A diet of fresh lettuce,

commerical fish food, and crushed oys-

ter shells was provided.

Routine laboratory methods were uti-

lized in isolation, examination, and iden-

tification of snails shedding larval stages

of P. minimum. Dishes containing in-

fected snails were examined twice daily

for the presence of emerged P. minimum
cercariae. Snails shedding such cercariae

were isolated and transferred to one-gal-

lon aquaria. Nonshedding snails were
crushed and examined for developing
sporocysts or placed in holding tanks for

collection of egg masses to be used in the

laboratory rearing of snails.

Sunfish (Lepomis gibhosus and Lepomis
macrochirus) used for this study were
collected with the aid of a hoop net or

provided by the Iowa State Conservation
Commission. All sunfish were trans-

ferred from a 20-gallon field container
to large aquaria (50-100 gallons) within
one hour after collection. Fish were
maintained in doubly filtered lake water
under constant aeration. A diet of com-
mercially prepared fish food was fed to

all fish each morning.
Fish (Table 1 ) used in surveying the

extent of natural infection rate of P. min-
imum in West Lake Okoboji were ex-

amined within 36 hours.

Forty-one sunfish (L. gibhosus and L.

macrocJiirus) seined from East Lake Oko-
boji (in a region known to be free from
moUuscan intermechate hosts) were used
as a source of fish free from P. minimum

infection. Careful examination of 19 of

these sunfish indicated a complete absence
of P. minimum, metacercariae. The re-

maining 22 sunfish were maintained in a

100-gallon aquarium filled with flowing

doubly filtered lake water under constant

aeration. Water temi)erature was grad-

ually lowered to 38 F, which aided in re-

tarding fungal infections of the sunfish

as well as in reducing the amount of com-
mercial food needed to maintain these

hosts.

Definitive hosts.— In preliminary
controlled experiments hosts were col-

lected from the wild and held in the lab-

oratory for at least 15 days or more. Fecal

smears were made of all hosts to deter-

mine if an infection of P. minimum ex-

isted.

Four classes of vertebrates (Amphibia,
Reptilia, Aves, and Mammalia) were used

as definitive hosts in this study. In pre-

liminary investigations hosts were fed

livers from simfish containing naturally

infected metacercariae of P. minimum.
In additional experiments definitive hosts

were fed portions of sunfish livers which
had been experimentally infected with
laboratory-developed P. minimum meta-
cercariae. Once exposed, hosts were iso-

lated in appropriate cages and given only
water.

Amphibian hosts (Tables 2, 3) were
force-fed infected sunfish livers contain-

ing over 100 naturally acquired Postho-

diplostomum T7iinimum metacercariae.

Fecal material was examined for eggs to

determine the ])roseiice of a previous in-

fection of P. minimum. All hosts shown
to be negative for trematode eggs were
used for experimental feedings. All am-
phibians were maintained in a 20-gallon

Table 1. Fisli e.xaiiiiiicd for nu'tarcrrariae (neascus) of Poslhodiplosloinum niinir/iu/ri in T.ako

West Okoboji.

Fish
Common
name

Number Number
collected inft'i ltd

Aplodinotus grunniens Rafinesque
Cyprinus carpio Unnaeus
Esox lucius Liimaeus
Ictalurus melas Rafinesque
Lepisoselus platostomua Rafinesque
Lepomis aibbnsus (Linnaeus)
Lepomis macrochirus macrochirus Rafinesque
Perca flanescrns (Mildiill)

Pomoxis nigromaculalus (Le Sueur)

Fi-esli\\ater Drum



September 1076 palmimhi: host-pahasiti: hi'.lationships 337

Table 2. Amphihiciii liosts fed sunfish livers n;iliiiiill> iiilVctcd \\\[\\ luctareroaiiae of P. minimum.
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Table 4. Reptilian hosts fed sunfish livers naturally infected witli metacercariae of P. minimum.

Hosts

Age of

infection

(hrs)

Host
sex

Number of

specimens
recovered

State of

sexual
maturity

Order: Chelonia
Chrysem.ys picta

Order: Squamata
Thamnophis radix

Thamnophis sirtalis

84

48
24
48

25-50

100 +

50-100
100 +
100 +

Mature
Mature

Mature
Gravid
Mature

Table 5. Reptilian hosts fed sunfish livers experimentally infected with metacercariae of P. mini-

mum.
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Table 6. Avian hosts fed simfish livers naturally infected wiili metarercariae of P. minimum.

Hosts

Age of

infection

(hrs)

Host
sex

Numbers of

specimens
recovered

State of

sexual
maturity

Order: Gat.t.ifokmes

Gallus domcsticus

Mrleagris gallopavo

Order: Passeriformes

Passer domesticus

Parus atricapillus

Pheucticus ludovicianus

Cyanocilta cristata

Tninslnma rufum

Troplndytes nrdon

Quisralus quisrula

Turdus migratnrius

Order: Piciformes

Colaptrs auratus

Order: Coi.UMniFORMES

Slrpptopelia risoria

Streptopelia risoria

Zenaidura macrourn

Order: Anseriformes

Anas platyrhynchos

42
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Table 7. Avian hosts naturally infected with adults of P. minimum.
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Table 9. Mammalian
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hosts fed sunfish livers n;itui<ill\ infected witli metacercariae of P. minimum.



342 GREAT BASIN NATURALIST Vol. 36, No. 3

fected wdth life cycle stages derived from
one of the above sources of P. minimum.
In this study the former source will be
considered the natural line; the latter,

the experimental line.

Natural line of infection.— Be-
ginning June 1971 and continuing to Jan-

uary 1974, detailed experimental feedings

as well as examinations of local vertebrate

hosts were carried out at Iowa Lakeside
Laboratory and Iowa State University.

During this period well over 250 possible

amphibian, reptilian, avian, and mamma-
lian definitive hosts of the West Lake
Okoboji region were examined, and two
previously unrecorded species of natural

avian hosts for adult P. minimum were
found (Palmieri 1973). In toto 114 verte-

brate hosts were fed naturally infected

sunfish livers containing metacercariae
of P. minimum; 60 proved to be suitable

hosts for adult worms (Tables 11, 12).

In no cases were adult P. minimum re-

covered from fish hosts, although after

96 hours of exposure, actively moving en-

cysted metacercariae were still found
within the intestine of 12 of 32 exposed
piscine hosts (Table 13).

Natural snail populations in the Miller's

Ba}" marsh area include two species of

snails {Physa gyrina and Lymnaea re-

flexa) capable of producing cercariae of

Posthodiplostomum minimum similar to

those reported by Miller (1954).

Several day-old chickens were fed livers

infected with neascus-type metacercariae
of P. minimum (over 2,000 metacercariae
per chicken), and fecal samples were
checked periodically for the presence of

eggs. When P. minimum eggs were re-

covered in the feces, cockerels were dis-

sected and fluke eggs collected from both
gut and fecal materials. Several hundred
eggs were washed and isolated in small

embryological watch glasses and covered
with filtered lake water. Eggs were in-

cubated at 21 C and were observed four

times daily for the presence of hatched

Table 11. Total number of vertebrate hosts exposed to livers naturally infected with metacercariae
of P. minimum.

Class Positive Negative No. species Total no. hosts

Fish
Amphibians
Reptiles

Birds
Mammals
Total

3
5

41
11

60

32
1

17
4

54

4
3
3
15
9

34

32
4
5

58
15

114

Table 12. Total number of vertebrate hosts exposed to fish livers experimentally infected with
metacercariae of P. minimum.

Class Positive Negative No. species
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miracidia. Hatching took place beo^inning

day 21 and continuing through day 24.

During the same period additional eggs

of P. minimum were ])laced in two one-

gallon aquaria (over 500 eggs per

aquarium), one containing 12 laboratory-

raised P. gyrina and the other a similar

number of laboratory-reared L. reflexa.

Aquaria were checked daily for the pres-

ence of cercariae. Emergence of cercariae

from P. gyrina began on day 47 and on
day 58 from L. reflexa. Because more
cercariae emerged from P. gyrina and
appeared more active, P. gyrina was em-
ployed as the experimental first inter-

mediate host.

As previously stated, two lines of P.

minimum exist, one line found in cen-

trarchid fish and another in cyprinid fish.

Examination of sunfish from Miller's Bay
indicated that all specimens collected

were positive for metacercariae of P. min-
imum (Table 1). Fry usually demonstrate
a lighter infection rate (100-500 meta-
cercariae), whereas older fish commonly
contain from 500 to 2,000 metacercariae.

The intensity of infection in sunfish ap-

pears to be due to size of the fish rather

than to density of snails shedding cercar-

iae of P. minimum. This fact confirms
similar earlier reports by Klak (1940),
Hoffman (1953, 1958), Colley and
Olson (1963), and Avault and Allison

(1965). In detailed examinations of the

viscera, the liver appears to be the most
heavily infected organ, but spleen, heart,

kidney, mesentaries, and the surface of

major blood vessels also are sites of en-

cystation of P. minimum metacercariae.
In no other fish examined from Miller's

Bay (Table 1) w'ere metacercariae of

P. minimum ever found. This evidence
clearly shows sunfish to be the major
source of natural infections of P. min-
imum in piscivorous birds of the Okoboji
region. This finding strongly supports

statements bv Klak (1940), Hunter and
Hunter (1940), Ferguson (1943), Hoff-
man (1960), and Bedinger and Meade
(1967) that a distinct centrarchid line of

P. minimum does indeed exist.

Exposure of livers of sunfish contain-
ing naturally infected metacercariae of

P. minimum to a variety of vertebrate
hosts established 21 new experimental host

records including 34 individual species

representing 15 orders within 4 classes

of vertebrates. A complete summary of all

feeding experin^ients can be found in Table

11.

During examination of the vertebrates

inhabiting the Miller's Bay area, two gulls

{Larus delawarensis) and one tern

{Sterna forster) were found to be nat-

urally infected with mature or gravid

adult PostIiodiplostomuT7i minimum
(Table 8). All had been observed feeding

on fish in Miller's Bay before collections

were made, and both species represent

new host records.

Gravid P. minimum were recovered

from all four classes of vertebrate hosts

exposed, although egg size varied greatly

among specimens from them. Egg num-
bers per worm varied from one to five,

depending on the experimental host uti-

lized.

Much variation exists in localization

of adults as well as in their density in

experimental definitive hosts. In poikilo-

thermic groups (amphibians and reptiles)

adult P. minimum were found principally

at the extreme anterior and posterior re-

gions of the intestine. One exception to

this was in Ambystoma tigrinum, in

which adults were distributed throughout
the intestine. One female Rana pipiens had
mature P. minimum developing within

the stomach 96 hours after infection. In

two species of snakes {Thamnophis radix

and T. sirtalis) the most highly developed

worms were found in the anterior third

of the intestine. This variation in site

localization also held true for worms re-

covered from two specimens of turtles

(Chrysemys picta) . Among homoiotherm-
ic hosts examined, site localization of

adult P. minimum varied greatly from
those of poikilothermic hosts. Most P.

minimum adults recovered from the fol-

lowing avian hosts were recovered from
the upper third to upper half of the small

intestine: Gallus domesticus, Cyanocitta

Cristata, Toxostoma rufum, Colaptes

auratus, Meleagris galippavo. and Anas
platyrhynchos. In six species of avian

hosts {Passer domesticus, Larus dela-

warensis, Zenaidura macroura. Troglo-

dytes aedon, Columha Jivia, and Strepto-

pelia risoria) adult worms were found
only in the midregion of the small in-

testine. In a few instances exceptions to

the above site localizations were noted:

Sterna forsteri (junction of the small and
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large intestine), Troglodytes aedon
(midsmall intestine, liver and lungs),

Turdus migratorius (throughout the in-

testinal tract), and Pheucticus ludovi-

cianus (esophagus and throughout the di-

gestive tract) . Less variation in site lo-

calization was noted in mammalian de-

finitive hosts. Here, localization varied

from extreme upper six inches of the

small intestine {Oryctolagus cuniculus)

to the upper third to anterior half (D/-

delphis marsupialis, Blarina brevicauda,

and Tamias striatus). In several hosts

(Mustela erminea, Peromyscus leucopus,

and Ondatra zibethicus) adult P. min-
imum was limited to the midregion of the

small intestine.

Pathology.— Sunfish collected from
an area free from P. minimum infection

were exposed twice daily to over 500 cer-

cariae for a period of 10 days. Very little

irritability resulting from cercarial pene-
tration of the sunfish was observed. These
results are in agreement with those re-

ported by Klak (1940) and Sillman
(1957).
Development of metacercariae was al-

lowed to take place within the fish host
for a minimum of 45 days before experi-

mental feedings were begim. Examination
of the experimentally infected sunfish

indicated that site localizations of meta-
cercariae were similar to those seen in

naturally infected sunfish from Miller's

Bay, but the density of infection was
much reduced. Most fish contained be-

tween 75 and 300 metacercariae, with
the greatest numbers occurring within the
liver.

Very little information exists concern-
ing the pathology of adult P. minimum
in the definitive host. During this investi-

gation no apparent ill effects were ob-

served due to infections of P. minimum.
In no case did any poikilotherm show any
evidence of pathology due to an infection

of this fluke. Some effects, however, were
noted for homoiothermic hosts.

Avian hosts infected with large num-
bers of worms (above 200) showed signs

of enteritis and diarrhea. Some destruc-

tion of intestinal papillae and blood ves-

sels as well as petechial and catarrhal

enteritis occurred. No avian host was ever
lost due to infection by Posthodiplostomum
minimum, even in instances where over
2,000 adult worms were collected from a

three-day-old Gallus domesticus and
adult Cyanocitta cristata.

Mammalian hosts showed the greatest

range of pathology resulting from infec-

tion by P. minimum. Effects ranged from
no apparent harm to complete destruction

of most of the villi of the upper third of

the small intestine. In an opposum
{Didelphis marsupialis) extreme hemor-
rhagic enteritis was noted A\athin the in-

testine of a pregnant female.

Viability.— Gravid adults were re-

covered from all four classes of vertebrate

hosts which had been fed laboratory-

raised metacercariae of P. minimum
(Tables 2-10). Several attempts were
made to determine the viability of eggs

collected from these hosts, and attempts

were made to maintain the life cycle in

the laboratory.

Eggs from gravid worms which had
developed in a single female Rana pi-

piens failed to develop after 40 days incu-

bation. No other attempt was made to

show viability in amphibian hosts. Eggs
from a turtle host {Chrysemys picta)

developed, hatched, and miracidia pen-

etrated a single P. gyrina. Development
proceeded to the point of cercarial emer-
gence, but further attempts to continue

the life cycle were not undertaken. At-

tempts at hatching eggs taken from adult

worms raised in a young male cat (Felis

catus) proved successful up to the free-

swimming miracidial stage. Greatest suc-

cess in maintenance of the life cycle

of P. minimum in the laboratory, how-
ever, was found within the class Aves.

Attempts to hatch eggs and to develop

free-swimming cercariae from eggs col-

lected from adult P. minimum reared in

nine-day-old Gallus domesticus proved
successful. Fully developed infective

metacercariae reared in sunfish were fed

to day-old cockerel chicks and gravid

adult Pnsf/indiplostomum minimum were
recovered in 36 hours. Eggs were then

hatched, miracidia exposed to laboratory-

reared snails, and development observed

up to the cercarial stage. A similar cycle

(egg to egg) was also carried out using

a domesticated dove (Strepfopelia risoria)

(Table 7).

Site localization of adult P. minimum
oxjierimentally developed in vertebrate

hosts was found to be similar to that in
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hosts which had been fed naturally in-

fected sunfish livers.

Discussion

The strong specificity supposedly
demonstrated by strigeoids has been the

basis for several extensive taxonomic re-

visions of this group bv Dubois (1944,

1955, 1968, 1970). In recent years, how-
ever, several investigators have shown
that strigeoid trematodes are not physio-
logically as host specific as previously
suggested. Ulmer (1961) emphasized the

need for additional experimental data rel-

ative to host specificity, in order to as-

sess the validity of Dubois' use of it as

a major criterion for establishing taxo-

nomic relationships.

Berrie (1960) and others have stated

that new species of parasites are often

described on the basis of a very few spec-

imens recovered from a single host indi-

vidual. In such circumstances an over-

emphasis is placed on apparent host spe-

cificity. The large number of so-called

"species" assigned to a given genus un-
fortunately results in taxonomic confu-
sion. This is particularly true insofar as

the genus PJagiorchis is concerned, for

more than 90 described species appear in

the literature. Angel (1959) called atten-

tion to the increasing problems resulting
from the burgeoning numbers of species
in that genus, and concluded that increas-

ing difficulty would result "unless au-
thors will appreciate the necessity of al-

lowdng for some considerable amount of

variation of characters within a species

. . . and for the possibility that some spe-

cies may occur in a more or less wide
range of hosts."

This investigation clearly demonstrates
that Posthodiplostomum minimum is able
to develop to a gravid state in many host
species within all vertebrate classes ex-
cept fishes. It is doubtful, howe^'er, that
host specificity in a strict sense is of value
in differentiating species of Posthodiplo-
stomum. Most definitive hosts utilized
during this investigation probably would
not be found naturally infected with P.
minimum. Ecological isolation and other
factors prevent manv hosts from actively
feeding upon infective metacercariae wdth-
in the fish intermediate host. Nonetheless,
accidental infections could occur and
clearly indicate that host specificity of

strigeoids as a major taxonomic criterion

is apt to be unreliable.

Because the adult stage of P. minimum
is capable of developing in a variety of

vertebrate hosts and the larval stages

employ numerous intermediate hosts,

little value can be placed upon host speci-

ficity as a major taxonomic tool. Because
of specificity and the striking plasticity

of body shape and size and organ shape,

size, and position, it is indeed probable
that man^' of the reported species of

Posthodiplostomum are one and the same
and should be placed in synonomy wdth
one another. Experimental data of the
type analyzed during this investigation

emphasize the need for an extensive and
complete revision of the genus Postho-

diplostomum. as well as the necessity for

experimental determination of relation-

ships between species of Posthodiplosto-

mum and their reported definitive hosts.

Work in this area \vill require a more
flexible interpretation of the species taxon
and should provide us wuth a more mean-
ingful relationship between Posthodiplo-
stomum and its hosts.
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NEW SYNONYMY AND NEW SPECIES OF AMERICAN BARK
BEETLES (COLEOPTERA: SCOLYIIDAE), PART IIP

Stephen L. Wood-

Wood) Corthylus spinifcr Sc uvarz {^Corthylus tomentosus Schedl), Crypiocarinus brevicollis Eggersi=Cr ptocarrnus coronatus Wood), Dendrocranulus gualemalensis (Hopkins), n. comb (^Dendro-

Schedl). Hypothenemus cylmdncus (Hopkuis) (^^Hypothcnemus guadeloupensis Schedl), Hypothene-muserectus LeConie i=^^S,ephanoderes discedens Schedl), Hypothenemus avanus (Eggers) (S/JptaW^-rr. pz./or SchedL 5/^p/.«.;o^rr^. p,o.per Schedl), ATx/e^o/"^. pseudolenuis Schedl (iirfeW
tSn .'^^VV:!;'"' -^-'-^^^r"^

/7//o«./^. Blandford {^Xyleborus coccotrypoides Eggers uTosus
rS^Vi /,,

punctiferus n. n. is proposed for Scolytodes punctifer Wood. 1971 (nee Woodlyby). Ihe fol ownig species are named as new to science: Amphicranus argutus. A. fulgidus Amicans Pilrophthorus mops, P. debilis, P. strictus. P. galeritus. P. sobrinus P ae/us P lenis Pconspectus P /mv/,«/,. (Costa Rua). P. pereziguus (Costa Rica and Panama)> /^/(Panama)P costatulus. P. cx>stabihs. P. delentus, P. nebulosus. P. melanurus, P. indigens. P. burserae P^lJ;.
Tnforost'ThenZTm ^f^^^^^^^/-

'^"-- P:nugalis, P. m/n./a///(Guatemala). P' nemoralkt. morosus. H. hermosus (Honduras), Araptus gracilens (Mexico).

On the following pages several newly
discovered cases of synonymy and species
new to science are presented for Ameri-
can Scolytidae. The species new to science
represent the genera Amphicranus (3),
Pityophthorus (27), and Araptus (1),
and they represent the following coun-
tries: Mexico (11), Guatemala (3), Hon-
duras (3), Costa Rica (12), Panama
(1), Costa Rica and Panama (1).

New Synonymy

Metacorthylus Blandford

Metacorthylus Blandford. 1904. Biol. Centr.
Amer.. Coleopt. 4(6):263 (Type species: Meta-
corthylus nigripennis Blandford, monobasic)

Paracorthylus Wood. 1968. Great Basin Nat. 28:7
(T3'pe-species: Paracorthylus velutinus Wood,
original designation). New synonymy

When Paracorthylus was named, I was
familiar only with species subsequently
placed in Metacorthylus by authors other
than Blandford. It is now established that
those species are in no way allied to
Blandford's genus. Paracorthylus veluti-
nus Wood, the type species of Paracorthy-
lus, is rather unlike Metacorthylus nigri-
pennis Blandford. the type species
of Metacorthylus. However, concisus
(Wood) and mutilus (Wood) fill the
character gap between these genera to
such an extent that Paracorthylus should
be placed in synonymy.

Corthylus spinifer Schwarz

Corthylus spinifer Schwarz. 1891, Proc. Ent. Soc.
Washington 2:114 (Svntypes, females; Key
West, Florida: U.S. Nat. Mus.)

Corthylus torrientosus Schedl. 1940, An. Esc. Nac.
Cienc. Biol., Mexico 1:350 (Syntypes. females;
Tuxtepec in Oaxaca and Ixtapa in Nayarit,
Mexico; Schedl and Dampf colls.). New
synonymy

The syntypes of Corthylus spinifer
Schwarz in the U.S. National Museum
and one female syntype of C. tomentosus
Schedl in the Schedl collection were com-
pared directly to my series of this spe-
cies. Only one common species is repre-
sented by these names.

Cryptocarenus brevicollis Eggers

Cryptocarenus brevicollis Eggers, 1937, Rev. de
Ent. 7:81 (Holotype. female; Cochabamba.
Bolivia; deposited in but not now in the Eg-
gers Collection, apparently on loan to Schedl)

Cryptocarenus coronatus Wood. 1971. Brigham
Young Univ. Sci. Bull.. Biol. Ser. 15(3) :36
(Holotype, female; 20 km SW El Vigia, Me-
rida. Venezuela; Wood Coll.). New synonymy

The female holotypes of brevicollis Eg-
gers and coronatus Wood were compared
directly to one another and to several
other specimens from Venzuela. The
frons of brevicollis is less strongly im-
pressed, and the epistomal process and
dorsolateral rugae are much larger and
more closely placed than in coronatus.
The i)ronotal and elytral punctures are

%rt of this research was sponsored by the National Science Foundation
-Department of Zoology, Brigham Young University, Prove, Utah 84602. Scolytidae contribution .No. 62.
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smaller than in coronatus. and the decliv

ital vestiture is apparently less abundant.
In spite of these minor differences they
are considered to represent the same spe-

cies.

Dendrocranulus guatemalensis
(Hopkins)

Xylocleptes guatemalensis Hopkins, 1915, U.S.
Dept. Agric. Rept. 99:44 (Holotype, female;
Panzos, Guatemala; U.S. Nat. Mus.)

Dendrocranulus parallelus Schedl, 1938, Archiv
Naturgesch 7:172 (Holotype, sex?; Ti-es

Rivieres, Guadeloupe; U.S. Nat. Mus.). New
synonymy

The holotypes of guatemalensis Hop-
kins and parallelus Schedl were both
compared to my series from La Lima,
Honduras. Although the head of the

guatemalensis type is lost, sufficient

other reliable characters are available for

use so as to remove all doubt as to the

identity of these specim.ens. Only one
species is represented by these names.

Dendroterus mexicanus Blandford

Dendroterus mexicanus Blandford, 1904, Biol.

Centr. Amer., Coleopt. 4(6):233 (Holotype.
female; Tehuantepec. Oaxaca, Mexico; British

Mus. Nat. Hist.)

Conophthocranulus umbratus Schedl, 1937, Arch.
Inst. Biol. Veget. 3:168 (Holotype, female;
Mexico; Schedl Coll.). New synonymy

The female holotypes of Dendroterus
mexicanus Blandford and Conophtho-
cranulus umbratus Schedl were both
compared directly to my series of 119
specimens from various localities in Mexi-
co. Although both antennae have been re-

moved from the type of umbratus and it

is slightly smaller than average, there is

no doubt as to the synonymy of the two
names. Schedl has also cited umbratus
in his genus Chiloxylon.

Hypothenemus cylindricus Hopkins

Stephanoderes cylimlricus Hopkins, 1915, TT.S.

Dopt. Agri(. Rept. 99:25 (Holotype, female:
Trece Aguas. Alia V(>rapaz. Ciuafemala; US.
Nat. Mus.)

Hypothenemus guadeloupensis Scliedl, 1951,

Dusenia 2:98 (Syntypes, female; Guadeloupe,
Val Canard; Schedl Coll.). New synonymy

The female ImlotNpc (»f SlephaiKxh-res
cylindricus Hopkins ;ind a Icnialo s^ iil\ pc

from the Schedl (Collection and bearing
a red label marked "Type" were ex-

amined and compared to my series. All
represent the same species.

Hypothenemus erectus LeConte

Hypothenemus erectus LeConte. 1876. Proc.
Amer. Philos. Soc. 15:356 (Lectotype, female;
Texas: Mus. Comp. Zool.. designated by
Wood. 1972, Great Basin Nat. 32:45)

Stephanoderes discedens Schedl, 1950, Bull. Instit.

Roy. Sci. Nat. Belgique 26(50) :23 (Holotype,
female; St. Thomas; Schedl Coll.). New
synonymy

The female holotype of Stephanoderes
discedens Schedl was compared to my
series of Hypothenemus erectus LeConte
that previously had been compared b\' me
to the lectotype. Although the Schedl

specimen is badly rubbed, it clearly is of

erectus. The type locality of discedens is

given as St. Thomas. It is not known if

this refers to the city or island of this

name in the Virgin Islands, to the town
or bay in Jamaica (all of which are within
the known distributional range of erectus),

or to some other locality.

Hypothenemus javanus (Eggers)

Stephanoderes javanus Eggers, 1908. Ent. Blatt.

(Lectotype, female; .lava; U.S. Nat. Mus.,
designated by Anderson and Anderson, 1971,

Smithsonian Contrib. Zool. 94:16)

Stephanoderes pistor Schedl. 1951, Dusenia 2:102
(two syntypes. females; Havana, Cuba; Schedl
Coll.). New synonymy

Siep/ianoderes prosper Schedl, 1951, Dusenia 2:

103 (Holotype, female; Guadeloupe; Schedl
Coll.). New synonymy

The female holotypes of StepJianoderes

jaiYim/s Eggers and prosper Schedl and
a female syntype of pistor Schedl were
all compared by me to my series of this

species. All clearly re])resent the same
species; consequently, prosper and pistor

must be placed in synonymy.

Scolytodcs puiictifirus. new name

Scolytodes punctifer Wood, 1 97 1 (nee Wood,
1969) . Brigham Young I'liiv. Sci. Bull.. Biol.

Ser. 1 5 (3): 15 (Holotype. male; Volcan Irazu,

Cartago. Costa Rica; Wood Coll.")

When Scolytodes piinclifi'r Wood.
1971, ( iU'd al)()\(\ was n.inicd. ihc hut
was oNerlooked that the luune \\as pre-

occupied by iS. cecropiai'orus punctifer
\ViH)(] { I ')()<). Rrigham Younu Univ. Sci.

Bnll., Biol. Ser. 10(2): 18)'. 11ie new
name Scoh/odes pinictifiTus is proposed
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as a replaceiiuMit for the 1971 junior

homonj^ni.

Xyleborus pseudotenuis Schedl

Xyleborus pseudotenuis Schedl, 1936, Arch. Inst.

BioL Vcget. 3:109 (Holotype, female; Brazil;

Schedl Coll.)

Xyleborus tenuis Schedl, 1949. Rev. Brasil Biol.

9:269 (Holotype, female; Cordova, presum-
ably Me.xico; Schedl Coll.). New synonymy

This species occurs from central Mexi-
co to Brazil. Series from Mexico to Vene-
zuela are variable in the size of the inter-

strial declivital denticles. Some series

from the northern areas include j)redomi-

nantly specimens in which about two to

four denticles are distinctly larger than
the remaining denticles. Up to half of

some series from Costa Rica and south-

ward have these tubercles of approxi-

mately subeqvial small size. The holoty])e

of pseudotenuis Schedl, from Brazil, is of

the latter form, the holot}'pe of tenuis

Schedl is of the former structure. Since
the two forms intergrade within series

from all areas for which adequate ma-
terial is available for study, the name
tenuis must be placed in synonymy.

Xyleborus exilis Schedl (1934, Ent.

Blatt. 30:209), from Costa Rica, may also

be of this species. It has the elytral decliv-

ity slightly steeper than normal for this

species, but it is identical in other respects.

Additional material should be examined
before synonymy for this name is ac-

cepted.

Xyleborus villosulus Blandford

Xyleborus villosulus Blandford. 1 898, Biol. Centi\

Amer.. Coleopt. K6):204 (Holotype. female;
Rio Naranjo. San Marcos. Guatemala; British

Mus. Nat. Hist.)

Xyleborus coccotrypoides Eggers, 1943. Mitt.

Miinchner Ent. Ges. 33:388 (Holotype, fe-

male; CocJiabamba. Bolivia; Paris Mus.) New
synonymy

Xyleborus villosus Schedl. 1949, Rev. Brasil Biol.

9:270 (Syntypes, female; Nova Teutonia.

Brazil; Schedl and Plaumann colls.). New
synonymy

The holotypes of villosulus Blandford
and coccotrypoides Eggers were both com-
pared directly to my specimens from
Guatemala and Venezuela. All represent

the same species. Schedl (personal com-
munication) indicated that villosus Schedl

is also synonymous with coccotrypoides.

Species New to Science

Amphicranus argutus, n. sp.

This species is remotely allied to mela-
nura (Blandford) but is distinguished by
the nmch smaller size and by the very
different female frons and elytral de-

clivity as described below.

Femcde.— Length 2.2 mm, 3.0 times
as long as wide; color dark reddish brown.

Frons coiiAex above, a weak transverse

impression between upper level of eyes
and epistoma; epistoma weakly developed
on median fourth; surface reticulate,

punctures very small, shallow, not close;

vestiture limited to e})istomal margin.
Antennal club 1.3 times as long as scape,

1.5 times as long as wide; tuft of hair

on posterior face absent.

Pronotum 1.5 times as long as wide;
sides straight on posterior two-thirds; in-

definite summit on anterior fourth; an-

terior slope arising vertically from ante-

rior margin to transAerse costa, then
gradual to summit, asperities broad, low,

their anterior limit marked by a serrate

costa near submarginal costa; posterior

areas reticulate, fine, shallow punctures
clearly marked. Glabrous.

Elytra 1.6 times as long as wide, 1.1

tunes as long as pronotum; sides straight

and parallel on basal four-fifths, broadly
rounded behind, feebly emarginate at su-

ture; surface smooth, brightly shining,

punctures very small and in strial rows
on posterior third of disc, about twice as

large and moderately confused on basal

half; disc descending slightly on posterior

third before declivital descent. Declivity

subvertical, irregularly subconcave; pos-

terolateral margin acutely, moderately
elevated from suture to lateral margin
slightly below middle of declivity, much
more strongly elevated from this point to

basal margin at suture; interstriae 1 at

basal margin with a minute tubercle, a

second tubercle at middle of declivity

slightly closer to lateral margin than to

suture; surface brightly shining, punc-
tures moderately coarse, rather close,

deep; excavated area wider than long.

Glabrous.
Protibiae as in melanura.

Type Locality.— Finca La Lola,

Limon, Costa Rica.

Type Material.— The female holotype

was taken at the type locality on VIII-
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1963, No. 14, from Theobrorna cacao, by
J. L. Saunders.
The holotype is in my collection.

Amphicranus fulgidus, n. sp.

This species is distinguished from
melanura (Blandford) by the smaller size

and by characters on the frons and elytral

declivity.

Female.— Length 2.8 mm (paratypes
2.8-3.0 mm), 2.7 times as long as wide;
color dark brown, basal two-thirds of pro-

notum and elytra usually lighter.

Frons as in melanura except without
any indication of a feeble carina or epis-

tomal tubercle, but with a distinct,

transverse impression above epistomal

process and epistomal process broader.

Antennal club 1.5 times as long as scape,

1.1 times as long as wide, apical margin
straight; cirrus longer than club.

Pronotum 1.5 times as long as wide;
as in melanura.

Elytra 1.5 times as long as wide, 1.15

times as long as pronotum; outline and
disc as in melanura except posterior mar-
gin more broadly, more feebly emar-
ginate. Declivity as in melanura except
steeper, less strongly impressed, without
a tubercle on lateral margin near middle
of declivity.

Male.— Similar to female except anten-
nal club oval, 1.3 times as long as wide,
and declivity as in male melanura.

Type Locality.— Finca Los Diamantes
near Dominical, Costa Rica.

Type Material.— The female holotyf)e,

male allotype, and 19 paratyj)es were
taken at the type locality on 7-n-63,
from Theobroma cacao, by J. L. Saunders.

The holotype, allotype, and paratypes
are in my collection.

Amphicranus micans, n. sp.

This species is distinguished from
argutus Wood by the smaller size, by tiie

smaller, broader antennal club, by the

shorter pronotum, and by the different

elytral declivity.

Female.— I^ength 1.8 mm (paratypes
1.5-21. mm), 3.0 times as long as \vid(>;

color dark reddish '—"•• ' '

thirds of pronotum li

brown,
'liter.

basal two-

Frons convex, epistomal process oc-

cupying median half, low, weakly devel-

oped; surface rugose-reticulate, ])unctures

obscure; glabrous except at epistomal
margin. Antennal club as long as scape,

1.1 times as long as wide, widest on apical

third; tuft of hair on posterior face sparse,

short.

Pronotum 1.4 times as long as wide; as

in melanura (Blandford) except surface

strongly reticulate, asperities more num-
erous, higher.

Elytra 1.8 times as long as ^vide, 1.3

times as long as pronotum; sides almost
straight and parallel on basal three-

fourths, very broadly rounded behind,

feebly emarginate at suture; discal surface

smooth, shining, except base of interstriae

1 reticulate in some specimens; strial

punctures very small, in rows on posterior

half, slightly confused on basal half. De-
clivity rather abrupt, very steep, some-
what biconcave; much as in argutus
Wood except acute posterolateral margin
not as strongly elevated, ending before

middle of declivity, tubercle on interstriae

1 slightly larger, close to suture, tubercle

2 slightly below middle of decli\aty and
much closer to suture (three-fourths of

distance from lateral margin to suture),

a feeble to moderate elevation (variable)

extending from lateral margin to tubercle;

punctures almost obsolete, surface smooth,
brightly shining except for o^al rugose
area below tubercle 2 extending from its

base to lateral margin. Glabrous except
for sparse setae on sides near declivity.

Male.— Similar to female except de-

clivity rather deeply, broadly concave,
lateral margins higher, tubercles distinct-

ly larger, tubercle 2 on small submammi-
form elevation on mesal side of lateral

margin, punctures on excavated area
larger, deefier, rugose area absent.

Type Locality.— Rio Damitas in the

Dota Mountains. San .Tos(''. Costa Rica.

Type Material.— The female holotype,

male allotype, and six paratypes were
taken at the type locality on 22-VTTT 19(i3,

No. 124. from the stump of a small tree,

by me. Other paratypes iiu ludi^ the fol-

lowing: 18 from Guapiles, Limon, Costa
Rica, 22-Vin-66, leguminous tree (ex-

( cpt one is from Trrrnlnalia) ; 6 are from
PucM'to Viejo. I Iccedia. (j)sta Kica, 12-

III l')()|'. from an unidentified lou; one
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is from IVralta. Cartago, 10-111-1964.

from an miidontified tree limb; one is

from Ft. Clayton. Canal Zone, Panama,
22-XII-1963, from a leguminous tree; and
one is from Limon Ba}', Canal Zone,
Panama. 30-XII-1963, from an uniden-
tified log. All wore taken by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthoriis nemoralis. n. sp.

This species is distinguished from reg-

ularis Blackman by the larger size, by the

slightly impressed declivital interstriae

2, and by the larger interstrial granules

on the declivity. These two species are

unique in having a row of normal setae

on declivital interstriae 2.

Female.— Length 1.4 mm f paratypes
1.4-1.8 mm), 2.6 times as long as wide;
color dark brown.

Frons uniformly couaox; rugose-

reticulate above eyes and laterally, lower
areas smooth, shining, punctures deep,
rather coarse, moderately close; vestiture

sparse, short, inconspicuous.

Pronotum 1.04 times as long as wide;
widest one-third pronotum length from
base, sides weakly arcuate on basal half,

a slight constriction on anterior half,

rather narrowly rounded in front; an-

terior margin armed by about 10 low,

basally contiguous serrations; summit
indefinite, at middle; asperities in three

concentric rows supplemented h\ those

at suminit, rows a bit irregular on median
third; posterior areas reticulate, punctures
deep, rather fine, moderately close.

Sparse setae confined to margins.

Elytra 1.6 times as long as wide, 1.5

times as long as pronotum; sides almost
straight and parallel on basal two-thirds,

then slightly, arcuately converging, very
broadly rounded behind; striae not im-
pressed except one slightly near declivity,

punctures small, deep, spaced by about
two diameters of a puncture; interstriae

smooth, shining, with a few faint irreg-

ular lines, three times as wide as striae,

impunctate except at margin of decHvity.

Declivity steep, rather shallowly sulcate;

striae 1 moderate!}' impressed, punctures
on 1 and 2 distinct, smaller than on disc;

interstriae 1 moderately elevated, 2 mod-
erateh' impressed, more strongly on me-
dian side, 3 very slightly higher than 1,

rounded, all with numerous impressed
[joints, rows of tubercles on 1 very fine,

2 fine, sometimes irregular, 3 slightly

larger than on 1 and 2. Vestiture confined

to declivity; strial setae very minute but

usually present; interstrial setae erect,

in regular rows including 2, each very
slightly longer than distance between
rows.

Male.— Similar to female except ser-

rations on anterior margin of pronotum
and tubercles on declivity slightly larger.

Type Locality.— Zamorano, Morazan,
Honduras.

Type Material.— The female holotype,

male allotype, and 26 paratypes were
taken at the type locality on 18-IV-1964,
700 m, No. 549, from Aristochia anguicida
stems. Thirteen paratypes are from 8 km
SE Cartago, Cartago, Costa Rica, 29-VII-

1963, 1,800 m. No. 91, from a liana;

three paratypes bear the same data ex-

cept they were taken on 2-VIII-1963,

No. 100. All were taken by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus costatulus. n. sp.

This species is distinguished from cos-

tahilis Wood by the smaller average size,

by the straight suture 1 of the antennal

club, and by declivital interstriae 2 being
impressed onlv on the mesal side in the

female.

Female.— Length 1.1 mm (paratypes

0.9-1.2 mm), 2.6 times as long as wide;

color very dark brown.
Frons flattened on a rather narrow

area to well abo\'e upper level of eyes,

slightly elevated toward epistomal mar-
gin, margins obtusely subangulate, later-

ally separated from margin of eye by
distance ecjual to diameters of four facets;

surface smooth, shining, punctures mod-
erately coarse, deep, close, spaced by dis-

tances equal to less than half diameter
of a puncture except more widely spaced

on median third near epistoma; vestiture

very fine, moderately abundant, uni-

formly distributed, slightly longer at mar-
gins, longest setae equal to about one-

fourth distance between eyes. Antennal
club small, oval; suture 1 straight,

mostly septate, 2 moderately procurved,

usually not septate.
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Pronotuin 1.1 times as long as wide;
widest near base, sides on basal half al-

most straight, converging very slightly,

rather narrowly rounded in front; an-
terior margin broadly armed by a sub-

serrate continuous costa; summit at mid-
dle, distinct; anterior slope armed by
three continuous, subserrate costae, a

fourth at summit; posterior areas smooth,
shining, with numerous impressed points,

punctures moderately coarse, rather wdde-
ly spaced. A row of setae behind each
costa; posterior area glabrous.

Elytra 1.6 times as long as wide, 1.5

times as long as pronotum; sides almost
straight and parallel on basal two-thirds,

rather broadly rounded behind; striae not
impressed, punctures rather fine, close,

deep; interstriae smooth, shining, with a

few irregular, indefinite surface lines,

twice as wide as striae, impunctate. De-
clivity steep, convex; striae 1 impressed,
2 not impressed, both with punctures
smaller than on disc, impressed; inter-

striae 1 distinctly, abruptly elevated,

armed by a row of fine granules, 2 weakly
impressed, as wide as 1, with one or two
punctures near apex and at base, 3 not
elevated, rounded, armed by about six

fine granules. Vestiture largely confined
to declivity, consisting of sparse rows of

short, stout setae on odd-numbered inter-

striae.

Male.— Similar to female except frons

rather strongly convex, more coarsely

punctured, transverse impression above
epistoma deeper, vestiture much shorter,

less abundant; declivital interstriae 1

without granules, punctures on declivital

striae 1 and 2 smaller.

Typf Locality-— Eighteen miles or 29
km W Niltej)ec, Oaxaca, Mexico.

Type Material.— The female holotype,

male allotype, and 22 paratypes were
taken at the type locality on 23-VI-1967.
30 m, No. 87, from Thevetia twig ter-

minals, by me. Eight pnraty[)es are from
10 miles or 16 km W Tizat)aii, .Jalisco,

Mexico, 18-VTT-1053, from Thrvctia. bv
me.
The holotype, allotype, and paraty[)es

are in my collection.

Pityoplithonis cosldiulis. n. sp.

This species is distingiiislicd from cos-

tatulus Wood bv the larger size, b^ the

much more strongly procurved sutures

of the antennal club, by the more coarsely

j)unctured declivital striae in the female,

and by the more conspicuous epistomal
bush of the male.

Female.— Length 1.6 mm (paratypes
1.6-1.8 mm), 2.6 times as long as wide;
color very dark brown, almost black.

Frons largely concealed in specimens at

hand, evidently similar to costatulus ex-

cept more coarsely punctured, vestiture

apparently less abundant, shorter. An-
tennal club with sutures 1 and 2 rather
strongly j)rocun'ed, 2 weakly, more dis-

tinctly septate near margins.
Pronotum about as in costatulus except

crest of costae more strongly serrate.

Elytra as in costatulus except strial

])unctures slightly larger, deeper; declivi-

tal striae 1 and 2 more coarsely punctured,
interstriae 1 unarmed, 2 more strongly

impressed, 3 rounded, slightly elevated,

without granules, vestiture similar but
more closely spaced, an occasional seta

on interstriae 4, 6, and 8.

Male.— Similar to female except frons

as in costatulus with all features more
strongly developed; strial punctures on
disc about half as large as in female,
those on declivity minute, interstriae 3

with minute granules.

Type Locality.— Ten miles or 16 km
W Tizapan, Jalisco. Mexico.

Type Material.— The female holotype,

male allotype, and six paratopes were
taken on " 18-VII-1953. from' TJwvetia
branches, by me.

The holotype, allotype, and paratypes
are in my collection.

Pityophthorus detentus, n. sp.

This ^[lecie^ i'^ distinguished hv the

hfoadh ((iii\'e\ elvtral de(livit\'. with
strial punctures 1 and 2 minute and
interstriae 1 not elevated, and bv the

inal(> ;iii(l femah^ fT-nns as dcscrilK^d below.

Fefriale.— Length 1.7 nnn (paratypes
1.1'-1.8 m77i). 2.6 times as long as wide;
color brown.

Frons flat to \\ell above eyes, ascending
slightly toward epistomal margin on lower
fourth, lalei-al margins subangulate, sep-

arated iViini ('\(' by distance equal to

diiinu'ter- of tlii-ee facets; surface smooth.
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shining, i)unctures in central area very
small, rather widely spaced, larger and
more numerous at margins; vestiture

sparse and rather short in central area,

moderately' abundant and Aery long at

margin. Antennal club 1.5 times as long
as wide, septum of suture 2 almost obso-

lete.

Pronotum 1.04 times as long as wide;
outline about as in costatulus Wood ex-

cept rows of as{)erities divided to their

base, not costifomi, impressed points

largely obsolete, punctures rather small;

anterior margin armed by about 18 ser-

rations.

Elytra 1.7 times as long as wide, 1.6

times as long as pronotum; outline and
disc as in costatulus; declivity steep,

broadly conve.x, striae 1 feebly impressed,
1 and 2 minutely punctured, interstriae

1 weakly elevated unarmed, sparse punc-
tures minute, 2 not impressed, almost
twice as wide as 1, 3 not elevated, punc-
tures small, widely spaced. Vestiture of

minute strial setae and with interstrial

setae as in costabilis Wood.

Male.— Similar to female except frons

distinctly impressed, its margin forming
a distinctly elevated crest outlining a

semicircle from lateral margin of epistoma
to slightly above eyes, punctures coarse,

not close, vestiture short, sparse.

Type Locality.— Carapan, Michoacan,
Mexico.

Type Material.— The female holotype,

male allotype, and 26 paratvpes were
taken on 18-VI-1965, at 2,300 m elevation,

from a woody vine i Toxicodendron!)
by me. Three paratypes are from six miles
or 10 km E Volcan Paracutin, Michoacan,
Mexico, 19-VI-1965, 2,500 m, from a

Toxicodendron vine, by me.

The holotype, allotype, and paratypes
are in my collection.

Pityophthorus inops, n. sp.

In this species and in dehilis Wood, su-

tures 1 and 2 on the antennal club are

virtually obsolete. This species is distin-

guished from dehilis by the smaller size,

b}' the strongly reticulate pronotum, by
the reticulate frons, and by other charac-
ters indicated below.

Female.— Length 1.1 mm (paratypes

1.1-1.2 mm), 2.7 times as long as wide;
color yellowish brown.

Frons planoconvex from epistoma to

slightly above upper level of eyes, lateral

margins subangulate, separated from mar-
gin of eye by distance equal to diameter
of one facet; surface ap])arently reticulate,

oral area pale and covered by short,

rather abuiulant hair, upper area with
fine, uniformly distributed punctures, up-
per margin above level of eyes bearing
a fringe of very long, yellow hair, tips

exceeding epistomal margin. Antennal
club subcircular, sutures 1 and 2 mod-
erately procuTAed, marked only by very
obscure lines, not marked by setae.

Pronotum 1.1 times as long as wide;
outline as in costatulus Wood; anterior

margin subcostate, with about 14 serra-

tions obscurely indicated; summit at

middle; anterior slope wdth two concen-
tric rows of asperities, those near summit
largely confused; posterior areas reticu-

late, punctures fine, not close. Vestiture

confined to lateral margins and asperate

area.

Elytra 1.7 times as long as wide, 1.5

times as long as pronotum; sides almost
straight and parallel on basal two-thirds,

rather broadly rounded behind; striae not
impressed, punctures very fine, shallow,

spaced within a row by two to four diam-
eters of a puncture; interstriae smooth,
shining, with numerous impressed points,

about three times as wide as striae. De-
clivity steep, broadly convex; striae 1 and
2 punctured as on disc; interstriae 1

weakly elevated, a few minute granules

obscurely indicated, 2 as wide as 1, very
feebly impressed, 3 not elevated, armed
by a row of very fine granules. Strial

setae \erj short, very fine, confined to

posterior half; odd-numbered interstriae

with rather sparse, narrowly spatulate

setae on and near declivity.

Male.— Similar to female except frons

more strongly convex, a slight transverse

impression above epistoma, fully reticu-

late, punctures slightly larger.

lype Locality.— Rincon de Osa, Pun-
tarenas, Costa Rica.

Type Material.— The female holotype,

male allotype, and five paratypes were
taken at the tj^je locality on ll-VII-1966,

30 m. No. 85, from an unidentified tree

limb, by me.
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The holotype, allotype, and paratypes
are in my collection.

Pityophthorus debilis, n. sp.

This species is distinguished from inops
Wood by the slightly larger size, by the
shining lower frons and pronotum, by the

longer setae on the female frons, and by
the presence of setae on all interstriae.

Female.— Length 1.3 mm (paratypes
1.2-1.4 mm), 2.7 times as long as wide;
color yellowish brown.

Frons about as in inops except marginal
fringe of hair extending from dorsal mar-
gin to lower lateral margins, short setae

in lower central area apparently absent;

surface shining from epistoma to upper
level of eyes.

Pronotum as in inops except serrations

on anterior margin more deeply divided,

disc usually shining, obscurely reticulate

in some specimens.

Elytra as in inops except strial punc-
tures slightly larger, declivital interstriae

2 weakly, more distinctly impressed; all

interstriae on declivity with erect, blunt

setae, except absent on 2 below basal

margin.

Male.— Similar to female except frons

convex, wdth punctures coarse and ves-

titure very short, sparse, inconspicuous.

Type Locality.— San Ignacio de Acosta,

San Jose, Costa Rica.

Type Material.— The female holotype,

male allotype, and 38 paratypes were
taken at the type locality on 5 -VII- 1963,

1,500 m. No. 28 from an unidentified

branch and No. ^2 (type) from Mauria
glauca, by me.

The holotype, allotype, and {)aratypes

are in my collection.

Pityophthorus tenax, n. sp.

This species is distinguished from
juglandis Blackmail by the absence of

long hair on the female frons, by the

more abundant, longer interstrial setae on
all declivital interstriae except 2, by the

steeper, more shining declivity, and by
other characters.

Female.— Length 1.6 mm (paratypes
1.6-1.7 mm), 2.8 times as long as wide;
color yellowish brown.

Frons broadly convex, epistomal mar-
gin distinctly elevated; surface smooth
and shining below upper level of eyes,

reticulate above, punctures rather coarse;

vestiture short, sparse, inconspicuous.

(Upper areas on holotype concealed by
pronotum, not fully visible.)

Pronotimi 1.17 times as long as wide;
pronotum as in juglandis except anterior

margin armed by about 10 serrations and
punctures on posterior areas slightly

larger.

Elytra 1.7 times as long as wide, 1.5

times as long as pronotum; outline as in

juglandis except sides on posterior third

converging more conspicuously, decliv-

ital area narrower; striae as in juglandis

except punctures slightly larger, inter-

striae as wide as striae. Declivity much
as in juglandis except striae 1 more
strongly impressed, interstriae 2 ascending
laterally more strongly, 1 and 3 without
granules; surface smooth, shining, not

shagreened. Interstrial setae largely con-

fined to declivity, on all interstriae except

2, slighth' longer and much more closely

spaced than in juglandis.

Male.— Similar to female except frons

very slightly more strongly convex.

Type Locality.— Volcan Pacaya, Es-

quintla, Guatemala.

Type Material.— The female holotype,

male alloty])e, and one paratype of un-

determined sex were taken at the type

locality on l-VI-1974, 1,300 m. No. 692,

from a broken branch 2 cm in diameter

from a large tree, by me.

The holotype, allotype, and paratype

are in my collection.

Pityophthorus strictus Wood

This species is distinguished from tenax

Wood by the presence of a few long

setae on the female frons, by the much
more finely punctured frons, pronotum,
and elytra, and by the different declivity

as (Uvscribed below.

Female.— Length 1.3 mm, 2.8 times

as long as wide; color yellowish bro\\Ti.

Frons as in tenax, with punctures

much finer, about a dozen long setae in

lateral areas on lower half, a somewhat
indistinct median callus above upper level

of eyes.
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Pronotum 1.08 times as long as wide;

about as in tenax except anterior margin
costate, its crest weakly serrate, and i)os-

terior areas rather finely punctured.
Elytra 1.7 times as long as wide, 1.7

times as long as pronotum; as in tenax
except strial punctures smaller, infer-

striae one and one-half times as wide as

striae, declivity more strongly convex,

striae 1 less strongly impressed, inter-

striae 1 and 3 with very fine granules.

Male.— Similar to female except frons

very slightly more strongly convex and
without any long setae.

Type Locality.— Santa Ana, San Jose,

Costa Rica.

Type Material.— The feinale holotype.

male allotyj^e. and four ])aratypes were
taken at the type localitv on 3()-VIII-

1963. 1,300 m,^ No. 157.' from Rheedia
eduUs branches, by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus galeritus. n. sp.

This species is distinguished from nanus
Wood by the more extensively distributed

female frontal vestiture, by the less

strongly impressed male frons, by the

more shallowly sulcate male declivity,

and by other characters.

Female.— Length 1.2 mm (paratypes

1.1-1.2 mm), 2.8 times as long as wide;

color yellowish brown.
Frons planoconvex on a rather limited

area from epistoma to well above eyes,

lateral margins rounded, separated from
margin of eye by distance equal to width
of four facets; surface smooth, shining,

rather coarsely, closely punctured; vesti-

ture fine, moderately abundant, uni-

formly distributed, of uniform length,

rather short.

Pronotum as in nanus except posterior

areas with numerous strongly impressed

points, j)unctures deeper, evidently very

slightly larger.

Elytra as in nanus except strial punc-

tures on disc closer, deeper, declivity

slightly narrower, appearing deeper,

interstriae 3 higher than 1, 1 and 3 armed
by very fine tubercles, vestiture confined

to deciivital area, on all interstriae ex-

cept 2, setae much stouter, more closely

spaced.

Male.— Similar to female except frons

siibconcavely impressed on median half

of area between e])istoma and upper level

of eyes, upper margin transversely sub-

carinate, surface smooth shining, coarsely

punctured, vestiture fine, short, incon-

spicuous; deciivital setae slightly stouter.

Type Locality.— Rio Damitas in the

Dota Mountains, San Jose, Costa Rica.

Type Material.— The female holotype,

male allotype, and three paratypes were
taken at the type locality on 18-11-1964,

250 m. No. 434, from a Rheedia edulis log

25 cm in diameter.

The holotype, allotype, and [)aratypes

are in my collection.

Pityophthorus perexiguus. n. sp.

This species is distinguished from
atomus Wood by the absence of a frontal

carina in the male, by the steeper, more
broadly impressed elytral declivity, and
by other characters described below.

Female.— Length 1.1 mm (paratypes

1.0-1.4 mm), 2.8 times as long as wide;

color yellowish brown.

Frons weakly, transversely impressed

from epistoma to upper level of eyes, all

margins rounded; surface smooth, shining,

sparsely, finely punctured; margins at

sides and above with sparse, moderately

long hair.

Pronotum as in atomus except pronotal

punctures smaller.

Elytra as in atomus except declivity

steeper, more broadly impressed, striae 2

more coarsely punctured, interstriae 2

more broadly, more deeply impressed, 3

with granules slightl}' larger, deciivital

setae much stouter.

Male.— Similar to female except frons

more strong!}' convex, transverse im-

pression restricted to lower third, surface

more coarsely, more closely punctured,

without any long hair.

Type Locality.— Dominical Puntaren-

as, Costa Rica.

Type Material.— The female holotype,

male allotype, and 19 paratypes were

taken at the type locality on 9-Xn-1963,

3m, No. 297, from a tree branch by me.

Other paratypes w^ere taken as follows:

22 from Canas, Guanacaste, Costa Rica,
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13-VII-1966, tree branch, by me; 8 from
Limon Bay, Canal Zone, Panama, 30-XII-

1963, 3 m, No. 353, tree limb, by me.

The holotype, allotype, and paratypes
are in my collection.

Pityophthorus nugalis^ n. sp.

This species is distinguished by the

unique female frons, by the subacuminate
apex of the elytra, and by other charac-

ters described below.

Female.— Length 1.3 mm (paratypes
1.2-1.3 mm), 3.1 times as long as wide;
color brown.

Frons moderately convex, epistomal

area produced on median half into a pre-

mandibular lobe; surface subreticulate,

punctures fine below, moderately coarse

near upper level of eyes; vestiture of

fine, long, yellow hair confined to area

below upper level of eyes, distributed into

three areas, lateral areas from base of

mandible to upper level of eye, median
fourth from apex of premandibular pro-

cess to upper level of eyes. Antennal
club small, oval; sutures 1 and 2 straight,

indicated at margins b}" septa and setae;

most of anterior face glabrous.

Pronotum 1.2 times as long as wide;

sides on basal half straight and parallel,

broadly rounded in front; anterior mar-
gin armed by about 14 coarse serrations;

summit at middle; anterior slope armed
by two concentric rows of asperities,

others near summit confused; posterior

areas smooth, shining, small areas of re-

ticulation in lateral areas sometimes pres-

ent, with numerous fine, impressed
points, punctures rather small, moderately
abundant. Vestiture inconspicuous, con-

fined to asperate area and lateral margins.

Elytra 2.0 times as long as wide, 1.8

times as long as pronotum; sides almost

straight and f)arallel on basal three-

fourths, broadly rounded behind except

sutural apex moderately acuminate; striae

not im[)rossod, punctures in rows rather

small, shallow; interstriae twice as wide
as striae, smooth, shining, with numerous
impressed points, an occasional puncture
near declivity. Declivity rather steep,

moderately bisulcate; striae 1 impressed,

punctures not clearly evident, 2 with fine,

distinct punctures; interstriae 1 moder-
ately, abruptly elevated, arnunl b^ two
to four very fine granules, 2 moderately

impressed, more strongly on median side,

as wide as 1, with numerous impressed
points, 3 as high as 1, broadly rounded,
armed by about two fine granules. Ves-
titure of minute strial hair on posterior

half, and sparse, moderately long inter-

strial setae on odd-numbered interstriae,

mostly on declivity.

Male.— Similar to female except frons

convex, rather coarsely jiunctured, a fine,

low, median carina, epistoma normal,
vestiture sparse, inconspicuous; tubercles

on elytral declivity distinctly larger.

Type Locality.— Volcan Pacaya, Es-

quintla, Guatemala.

Type Material.— The female holotype,

male allotype, and four paratypes were
taken at the type locality on l-VI-64,

1,300 m. No. 656, from a woody vine 1 cm
in diameter, by me.
The holoty})e, allotype, and paratypes

are in my collection.

Pityophthorus hermo.sus, n. sp.

This species is distinguished from rninu-

talis Wood by the long, abundant ves-

titure on the female frons, by the reticu-

late pronotum, and by other characters

described below.

Female.— Length 1.2 mm (paratypes

1.0-1.3 mm), 2.7 times as long as wide;

color brown.
Frons flat from epistoma to vertex,

lateral margins obtusely subangulate,

separated from margin of eye by distance

equal to width of two facets; surface ob-

scured by dense brush of uniformly dis-

tributed long hair, marginal setae ap-

parently slightly longer, longest setae

equal to at least two-thirds distance be-

tween eyes.

Pronotum 1.13 times as long as wide;

outline essentially as in nugalis Wood;
first two rows of asperities usually con-

centric, sometimes partly confused in

median area; posterior areas strongly

reticulate, punctures fine, moderately
abundant. Vestiture confined to margins
and asperate area, incons[)icuous.

Elytra 1.7 times as long as wide, 1.5

times as long as pronotum; outline ba-

sically as in nugalis; striae not impressed,

punctures moderately <oarse, rather deep;

interstriae smooth, shining, a few minute,
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impressed points present, as wide as

striae, impunctate except at margin of

declivit}'. Declivity steep, rather strongly

bisulcate; as in r7Uifa/is except sulcus

slightly deeper, lateral margins on basal

half slightly higher than suture, tubercles

on interstriae 3 conspicuously larger. Ves-
titure confined to declivity, on all inter-

striae except restricted to basal margin on
2, of moderate length.

Male.— Similar to female except frons

transversely impressed from epistoma to

upper level of eyes, transversely carinate

at upper margin of impressed area, sur-

face rather closely, finely punctured,
pubescence of fine, short, moderately
abundant hair.

Type Locality.— Yuscaran, Paraiso,

Honduras.

Type Material.— The female holotype,

male allotype, and 29 paratypes were
taken at the type locality on 23-IV-64,
800 m, No. 517, Perymanium grande,

by me. Eight ])aratypes are from Zamo-
rano, Morazan, Honduras, 18-IV-64, 700
m. No. 565, Eupatoriurn dalioides, by me.

The holotype, allotype, and paratypes
are in my collection.

Pityophthorus niinutalis. n. sjx

This species is distinguished by the

small size and slender form, by the acum-
inate apex of the elytra, and by the dis-

tinctive frons as described below.

Female.— Length 1.0 mm (paratypes
0.9-1.0 mm), 3.2 times as long as wide;
color brown.

Frons planoconvex from epistoma to

well above upper level of eyes, lateral

margins obtusely subangulate, separated

from margin of eye by distance equal to

width of two facets; surface smooth,
shining, finely, closely punctured; vesti-

ture uniformly distributed, of almost uni-

form length, longest setae equal in

length to one-fourth distance between
eyes.

Pronotum 1.2 times as long as wide;
outline basically as in nugali.s Wood, an-

terior slope with three concentric rows
of asperities; posterior areas shining, al-

most smooth, punctures small, moderately
close. Vestiture confined to lateral mar-
gins and asperate area, inconspicuous.

Elytra 2.0 times as long as wide, 1.8

times as long as pronotum; outline as in

nugalis; striae not impressed, punctures
small, deep, spaced within a row by twice
diameter of a j)uiicture; interstriae

smooth, shining, impressed points sparse,

a few weak, short, transverse lines, about
one and one-half times as wide as striae,

impunctate. Declivity steep, moderately
bisulcate; as in nugalis except interstriae

2 without imj)ressed points. Vestiture as

in nugalis.

.Male.— Similar to female except frons

shallowly, transversely impressed to up-

per level of eyes, up])er margin of im-
pressed area forming a weak, transverse

carina, surface of impressed area with in-

distinct, fine punctures, vestiture fine,

sparse, short, inconspicuous.

Type Locality.— Palin, Esquintla,

Guatemala.

Type Material.— The female holotype,

male allotype, and 10 paratypes were
taken at the type locality on 19-V-1964,
300 m. No. 587, from a shrub, by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus sobrinus. n. sp.

Phis species is distinguished from niinu-

talis Wood by characters on the frons and
declivity as described below.

Female.— Length 1.5 mm (paratypes

1.5-1.7 mm), 3.0 times as long as wide;

color dark brown.
Frons flattened on slightly more than

upper half, ascending below toward epis-

tomal margin, lateral margins obtusely

angulate, separated from margin of eye
b}' width of two facets; surface smooth,

shining, finely, rather closely punctured
except imj)unctate on a small median area

on lower third; vestiture of fine hair of

moderate length in central area, much
longer on margins, longest setae equal

in length to slightly more than half dis-

tance between eyes.

Pronotum 1.18 times as long as wide;

outline as in nugalis; anterior slope with

three concentric rows of asperities

(sometimes slightly confused), others

confused near summit; posterior areas

smooth, shining, with numerous im-

pressed points, punctures fine, rather

close. Vestiture confined to lateral mar-
gins and asperate area, inconspicuous.
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Elytra 2.0 times as long as wide, 1.7

times as long as pronotum; outline about
as in minutalis; striae not impressed,
punctures coarse, deep, close; interstriae

as wide as striae, smooth, shining, with
minute impressed points, impunctate ex-

cept 1 with a few punctures on posterior

third. Declivity steep, shallowly bisulcate;

not as steep as in minutalis, more broadly
impressed; interstriae 2 with minute im-
pressed points. Vestiture confined to de-

clivity on odd-numbered interstriae, fine,

rather sparse, of moderate length.

Male.— Similar to female except frons

rather shallowly, transversely impressed
from epistoma to upper level of eyes, its

upper margin on median third marked
by a subcarinate, transverse, impunctate
elevation, surface smooth, shining, coarse-

ly, rather closely punctured; declivital sul-

cus conspicuously deeper, tubercles

slightly larger.

7^7;?^ Locality.— Three km SE Cartago,

Cartago, Costa Rica.

Type Material.-— The female holotype,

male allotype, and 30 paratypes were
taken at the type locality on 2-VIII-1963,

1,300 m. No. 99, from a woody vine, by
me.
The holotype, allotype, and parat\^pes

are in my collection.

Pityophthorus laetus. n. sp.

This species is distinguished by the

small, elongate, aseptate antennal club,

by the pronotum which has asperities ex-

tending to near the basal margin, and by
the simple elytra.

Female.— Length 1.7 mm (paratypes
1.6-1.7 mm), 2.6 times as long as wide;
color black.

Frons flat from eye to eye, from epis-

toma to above eyes (concealed by prono-
tum above eyes), epistomal margin nar-

rowly, weakly elevated; surface smooth,
shining, punctures very fine, shallow,

very sparse on central two-thirds, more
numerous towards margins, margins
rounded; vestiture of fine long hair on
margins, a few sparse, shorter hairs in

central area, longest setae equal in length
to about half rlistaiicc between ca'cs. An-
tennal dub slightly longc^r than scape, 1.6

times as long as wide, smfK)th, shining,

glabrous on anterior face, not septate, su-

ture 1 obsolete, 2 very feebly indicated
on surface by a procurved line on apical

half, sutural constrictions and setae con-

fined to margins.
Pronotum 1.05 times as long as wide;

widest on basal third, sides moderately
arcuate on basal third, almost straight

and converging on middle third, rather

narrowly rounded in front, anterior mar-
gin armed by 10-14 rather coarse serra-

tions; summit indefinite, at or slightly

behind middle; asperities small, numerous,
continuing in declining, subparallel, some-
what indistinct rows almost to base; pos-

terior areas shining, with numerous im-
pressed points, punctures small, spaced
by two to four or more diameters, those

in lateral areas mostl}' associated with
subasperate lines. Vestiture of short,

sparse hair, glabrous on disc.

Elytra 1.7 times as long as wide, 1.6

times as long as pronotum; sides almost

straight and parallel on basal two-thirds,

rather narrowly rounded behind; striae

not impressed, punctures ver}^ fine, shal-

low, spaced by two to four diameters of

a puncture, in rows; interstriae three to

four times as wide as striae, surface

smooth, brightly shining, with many ob-

scurely impressed points and irregular

lines, a few fine punctures on odd-

numbered interstriae on posterior half.

Declivity steep, convex; striae not im-

pressed, punctures slightly smaller than

on disc; interstriae 1 very feebly elevated,

higher than 3, 2 as wide as 1 or 3. ver\'

feebly impressed, impunctate. 1 and 3

with a row of minute granules. Minute
strial setae on declivitv, odd-numbored
interstriae on disc with rather widely

spaced, erect, moderately long, stout hair,

declivity with all interstriae except 2 mth
similar setae.

Type Locality.— Volcan Poas. Heredia,

Costa Rica.

Type Material.— The female holotype

and two female paratypes were taken at

the type locality on 19-XT-1963, 2.500 m,
No. 261, from a tree branch 8 cm in diam-
(>ter. by me.
The holotype and paratypes are in my

collection.

Pityofylithorus lenis. n. sp.

This species is distinguished by the

large, elongate, obovate antennal club
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with aseptate, rather obscure sutures, by
the strongly reticulate j)ron()tal disc, and
by the ^iniijlc elytral sculpture.

Fi'rriale.— Length 1.2 mm (paratypes

1.2-1.4 mm), 2.8 times as long as wide;
color brown.

Frons transversely, broadly concave,

transversely impressed from epistoma to

upper level of eyes (longitudinally con-

cave) ; surface reticulate, median third

impunctate from epistoma to vertex, lat-

eral areas rather coarsely, closely punc-
tured; punctured areas ornamented by
long, moderately abundant hair, longest

setae equal in length to about two-thirds

distance between eyes. Antennal club 1.7

times as long as scape; club 1.3 times as

long as wide, obovate, widest on apical

third, anterior face shining, glabrous ex-

cept for short setae along sutures, sutures

aseptate, marked by a fine line and a

row of short setae.

Pronotum 1.05 times as long as wdde;
sides on basal half subparallel, feebly ar-

cuate, rather narrowly rounded in front;

anterior margin subcostate, armed by
10-12 low, basally fused serrations; pro-

notum reticulate, punctures in posterior

areas rather small, moderately close.

Glabrous except in marginal areas.

Elytra 1.6 times as long as wide, 1.5

times as long as pronotum; sides almost
straight and parallel, rather broadly, ir-

regularly rounded behind; striae 1 weakly
impressed near declivity, others not im-
pressed, pimctures fine, becoming minute
near declivity, in rows; interstriae almost
smooth, shining, impressed })oints ap-

pearing as minute, confused punctures,
punctures absent. Declivity steep, shal-

lowly bisulcate; striae obsolete; interstriae

1 moderately, abruptly elevated. 2 almost
twice as wide as 1, rather strongly, broad-
ly impressed, smooth, shining, obscure

points indicated. 3 as high as 1, rounded,
armed by about four very fine tubercles.

Vestiture confined to odd-numbered inter-

striae, of widely spaced, erect, rather

short, slender bristles.

Male.— Similar to female except frons

broadly, evenly convex, coarsely, rather

closely punctured, a weak median tubercle

on epistoma, vestiture short, sparse, in-

conspicuous.

Ty^pe Locality.— Tapanti, Cartago.

Costa Rica.

Type Material.— The female holotype,

male allotype, and 11 j)aratypes were
taken at the type locality on 24-X-1963,
1,^00 m, No. 244, from a w^oody vine, by
me.
The holol}j)e, allotype, and j)aratypes

are in my collection.

Pityophthorus parilis. n. sp.

This species is distinguished from guate-

malensis Bland ford by the more sculp-

tured female frons, by the more coarsely

punctured elytral striae, by the more
shallowly sulcate el3'tral declivity, and
h\ other characters.

Female.— Length 1.6 mm (paratypes
1.6-1.7 mm), 2.8 times as long as wide;
color very dark brown.

Frons flat from epistoma to ^•ertex,

from eye to eye, subangulate margin sep-

arated from margin of eye by distance

equal to diameter of three facets; surface

smooth, shining, rather coarsely, closely,

uniformly, deeply ])imctured; vestiture

rather abundant, uniformly distributed,

distinctly longer at margins, longest setae

about equal to one-third distance between
eyes.

Pronotum 1.1 times as long as wide;
outline as in guatemalensis; posterior

areas weakly reticulate, punctures rather

fine, moderately close. Glabrous except

at margins.
Elytra 1.6 times as long as wide, 1.5

times as long as pronotum; outline and
disc as in guatemalensis except interstriae

only slightly wider than striae. Declivity

as in guatemalensis except steeper and
much less strongly bisulcate. Vestiture

confined to declivity, stouter than in

auatemalensis

.

Type Locality

Honduras.
Buenos Aires, Cortez,

Type Material.— The female holotype
and two female paratypes were taken at

the type locality on "7-V-1964, 2,300 m.
No. 578, from a Quercus branch 4 cm in

diameter, by me.
The holotype and paratypes are in my

collection.

Pityophthorus scitulus. n. sp.

This species is distinguished from
guatemalensis Blandford by the coarser

strial punctures, by the steeper, more
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strongly sulcate declivity, and by the

much more coarsely punctured declivital

striae 1 and 2.

Female.— Length 1.9 mm (paratypes
1.8-2.1 mm), 3.2 times as long as wide;

color brown.
Frons essentially as in guatemalensis ex-

cept more finely punctured, central area

on lower half more extensively impunc-
tate, lateral margins of flattened area

separated from eye by distance equal to

width of one facet, vestiture much more
abundant on margins, shorter in central

area, longest setae equal to more than
half distance between eyes.

Pronotum 1.25 times as long as wide;

outline basically similar to guatemalensis;

posterior areas with surface smooth, shin-

ing, small and minute punctures inter-

mixed. Glabrous except at margins.

Elytra 1.9 times as long as wide, 1.6

times as long as pronotum; sides straight

and parallel on basal three-fourths, rather

abruptly rounded then subacuminate be-

hind; striae not impressed except 1 near
declivity; interstriae smooth, shining,

punctures coarse, very close; interstriae

smooth, shining, with obscure, fine trans-

verse lines, impressed points appearing

as fine, confused punctures, punctures ab-

sent. Declivity steep, rather strongly bi-

sulcate, apex subacuminate; striae 1 and
2 very coarsely punctured, punctures ap-

pear confused on some specimens; inter-

striae slightly elevated, finely punc-

tured, 2 strongly sulcate, narrowly above,

broadly below, shining, space almost en-

tirely occupied by strial punctures, 3

slightly higher than 1 and armed by two
I)airs of y)ointed denticles on upper half,

an additional granule present on lower
third, lateral areas rather coarsely punc-

tured. Vestiture of moderately long inter-

strial hair on base and lateral areas of

declivity.

Male.— Similar to female except frons

broadly convex, coarsely, closely f)unc-

tured, vestiture short, sparse, incons})ic-

uous; decli^ity more strongly inqiressed,

lateral denticles distinctly larger.

Type Locality.— Volcan de Chiri(|ui.

Chiriqui, Panama.

Type Material.— The female holotype.

male allotype, and 18 jjaratypes were
taken at the tyjoe localil^ on 11-1-1964.

1600 m, from a Quercus limb, by me.
Five ])aratypes are from Tapanti, Cartage,

Costa Rica, 2-VII-1963, 1,300 m, No. 6,

Quercus limb, by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus conspectus, n. sp.

This species is distinguished from
guatemalensis Blandford by the less ex-

tensively flattened female frons with the

vestiture much shorter and less abundant,
by the coarser pronotal punctures and by
the very different declivity described be-

low.

Female.— Length 1.6 mm (parat}^es
1.6-1.8 mm), 2.8 times as long as wide;
(olor very dark brown.

Frons as in guatemalensis except less

extensively flattened, margin of flattened

area separated from margin of eye by
distance equal to width of five facets,

not extending as high on vertex; vesti-

ture moderately abundant on smaller

area, longest setae equal to about one-

third distance between eyes. Antennal
club larger and more nearly circular than
in guatemalensis, sutures 1 and 2 rather

strongly ])rocurved (almost straight in

guatemalensis )

.

Pronotmn 1.1 times as long as wide;

as in guatemalensis except punctures on
posterior areas much coarser.

Elytra 1.7 times as long as wide, 1.7

times as long as pronotum; outline and
disc as in guatemalensis. Declivity steej).

convex; striae 1 and 2 not impressed,

punctures very fine; interstriae 1 feebly

elevated, armed by two or three very
fine granules, 2 flat, as wide as 1, not

impressed, impunctate. 3 not elevated,

armed by a row of about five small gran-

ules. Vestiture consisting of erect, short,

interstrial setae on j)oslerior third of disc

and declivity except absent on declivital

interstriae 2.

Male.—- Similar to Female c^xcc^pt frons

weakh' (•()n^ex, a median callus on ujiper

half, coarsely punctur(>(l. Ncstiturc siiort,

s[)ars(>. in(()ns[)icuous.

lypc Locality.— Voiian li-a/.u. Car-

lago, (^osta Rica.

Lype Material.— The female holotype,

male allotype, and one female paratype
wcr-e taken at tlu> tvpe locnlity on 26-IX-
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1963, 2,300 m, No. 208, from a In-aiirh

(possibly Qucrcus), by nic.

The holotvpe, allotype, and paraty])e

are in my collection.

Pityophthorus rrwdialis. n. sp.

This species is distinguished from
guatemolcnsis Blandford by the moderate-
ly procurved sutures of the antennal
club, by the more posterior summit of

the jironotmn, by the punctured discal

interstriae. by the steeper, less strongly

sulcate elytral declivity, and h\ other

characters described below.

Female.— Length 2.0 mm (paratypes
1.9-2.4 mm), 2.6 times as long as wide;
color dark brown.

Frons similar to guatenialensis except
more extensively flattened, pubescent
area separated from margin of eye by dis-

tance equal to diameter of three facets,

vestiture more abundant, slightly shorter.

Antennal club with sutures 1 and 2 mod-
erately ])rocurved.

Pronotum 1.1 times as long as wide;
similar to guatcrnalcnsis except summit
distinctly behind middle, low crenula-
tions extending to base on sides and
lateral areas of disc, punctured area on
disc about half as large as in guatemalen-
sis f about one-third width of proiiotum).

Elytra 1.7 times as long as wide, 1.6

times as long as pronotimi; outline and
disc as in guatemalcnsis except interstriae

each with a sparse row of punctures,
punctures about equal in size to those of

striae. Declivity steep, convex; similar

to guatemolensis but steeper, sulcus per-

haps half as deejj. tubercles on interstriae

1 and 3 slightly larger. Vestiture of

minute strial hair and moderately long,

erect, fine, interstrial setae on disc and
declivity, except largely absent on decliv-

ital interstriae 2.

Male.— Similar to female except frons

convex, a slight transverse impression
above epistoma, surface shining, closely,

deeply, rather coarsely pinictured, vesti-

ture short, sparse, inconspicuous; declivi-

tal sulcus deeper, broader, similar to fe-

male guatemalensis

.

Type Locality.— Volcan Irazu, Car-
tago, Costa Rica.

Type Material.— The female holotype,
male allotype, and 52 paratypes w^ere

taken at the type locality on 26-IX-1963,
2,300 m. No. 208, from Quercus branches
less than 10 cm in diameter, by me. Fif-

teen paratypes are from Cerro de la

Muerte, San Jose, Costa Rica, 1-VIII-

1966, 3,200 m, No. 45, Quercus, by me;
two paratypes are from Volcan Poas,

Heredia, Costa Rica, 14-VII-63, 2,500 m,
No. 48A, from a cut seedling, by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus iml
i
gens, n. sp.

This species is distinguished from nanus
Wood by the much more feebly sulcate

elytral declivity, by the very different

frons in both sexes, and by other charac-

ters described below.

Female.— Length 1.2 mm (paratypes
1.2-1.4 mm), 2.7 times as long as wide;
color yellowish brown.

Frons flattened to well above eyes, as-

cending slightly at epistomal margin;
lateral margins abruptly angulate, sep-

arated from margin of eye by distance

equal to width of tw^o facets; surface

smooth, shining, punctures fine, not close,

uniformly distributed; ^'estiture of fine

hair, those in central area of moderate
length, those on margin twice as long,

tips of longest setae on upper margin
reach epistomal margin.
Pronotum 1.06 times as long as wide;

essentially as in nanus Wood except an-

terior margin more narrowly rounded,
serrations more restricted to median area,

punctures on posterior areas less num-
erous, slightly smaller.

Elytra 1.6 times as long as wide, 1.5

times as long as pronotum; essentially as

in nanus except declivity more strongly

convex, striae 1 narrowly, rather deeply
impressed, punctures on 1 and 2 smaller,

interstriae 2 narrower, ascending more
abruj)tly laterally, 1 and 3 without gran-
ules.

Male.— Similar to female except shal-

lowiy, transversely impressed to upper
level of eyes, its upper margin broadly,

obtusely subcarinate, surface rather

coarsely, sparsely punctured, impressed
area ornamented by sparse, very long

hair.

Type Locality.— Tw'o miles or 3 km W
Armeria. Colima, Mexico.
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Type Material.— The female holoty})e,

male allotype and six paraty{)es were
taken at the type locality on 28-VI-1965,
70 m, No. 129, from Bursera branches.
Other paratypes were taken in Mexico
from Bursera branches as follows: three

from 18 miles or 29 km W Niltipec,

Oaxaca, 23-VI-1967, 30 m, No. 88, and
one from 13 miles or 21 km N .luchitlan,

Jalisco, 2-VII-1965, 1,000 m. No. 180. All

were taken by me.

The holotype, allotype, and paratypes
are in my collection.

Pityophthorus hurserae. n. sp.

This species is distinguished from in-

digens Wood by the larger size, by the

longer, more abundant vestiture on the

female frons, and by other characters

mentioned below.

Female.— Length 1.5 mm (paratypes
1.5-1.6 mm), 2.7 times as long as wide;
color yellowish brown.

Frons as in indigens except central

area almost impunctate and glabrous,

extending higher on vertex, marginal se-

tae longer.

Pronotum and elytra essentially as in

indigens except elytral declivity narrowly,
more deeply sulcate, lateral convexities

slightl}' higher than suture, interstrial se-

tae on all declivital interstriae except up-
per two-thirds of 2.

Male.— Similar to female except frons

as in male indigens.

Type Locality.— Atenquique, Jalisco,

Mexico.

Type Material.— The female holotype
and two female ]:)aratypes were taken at

the type locality on 24-VI-1965, 1,000 m.
No. 114, from Bursera branches, by me.
The male allotype and two female para-
types are from 13 miles or 21 km N
.luchitlan, .Talisco, Mexico, 2-VII-1965,
1000 m. No. 180, Bursera. by me.

The holotype, alloty])e, and jiaratypes

are in my collection.

Pityophthorus tnorosus, u. sp.

This species is distinguished IVotn

paulus Wood by the distinctly, niodcMalc

ly arcuate sutures 1 and 2 of the aiitcinial

club, bv the absence of a median (alius

on the vertex, and by other characters
mentioned below.

Female.— Length 1 .4 mm (paratypes
1.3-1.6 mm), 2.7 times as long as wide;
color very dark brown.

Frons broadly convex, a feeble trans-

verse impression in some specimens; sur-

face smooth and shining on lower half, re-

ticulate above, reticulation on vertex often

transversely etched, punctures rather fine,

never confluent, median callus feebly

develo])ed or absent; vestiture fine, sparse,

short, inconspicuous. Antennal club con-

spicuously longer than scape; sutures 1

and 2 slightly arcuate.

Pronotum as in paulus except discal

punctures much smaller, impressed points

minute, less abundant; asperities varying
from subconcentric to confused.

Flytra as in paulus except surface

smoother, punctures much smaller, inter-

striae twice as wide as striae, impressed
points on declivity less abundant and
minute to absent, vestiture usually short-

er, stouter.

Male.— Similar to female in all re-

spects.

Type Locality.— Zamorano. ^Tora?:an,

Honduras.

Type Material.— The female holotype,

male allotype, and 19 paratvpes were
taken at the type localitv on 18-IV-1964,
700 m. No. 554, from F.upatorium dali-

oides. by me. Nino paratypes are from
Volcan de Agua, Guatemala. 19-V-1964,
1,000 m. No. 601, from a woody vine. A
long series from 9 miles or 14 km E Hua-
tusco, Veracruz, Mexico, was not included
in the type series.

The holotvpo. allotype, and paratypes
are in my collection.

Pityophthorus molestus. n. s]").

This species is distinguished from lautus

Eichhoff by the presence of a median
frontal carina, by the more shallowly sul-

cate decliA-itv. and bv the longer eh'tral

setae.

Female.— Length 1.4 mm (paratypes
1.3-1.5 mm). 2.8 times as long as wide;
color yellowish browm.

Frons weaklv convex, with a weak me-
dian carina from epistoma almost to up-
[)or level of eves; surface shining, with
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indistinct fine lines and punctures, more
coarsely punctured above eyes; vestiture

of fine, short, sparse hair.

Pronotuni and elytral disc as in lautus.

Elytral declivity as in lautus except in-

terstriae 2 very slightly less strongly im-
pressed. ^ estiture much longer.

Male.— Similar to female in all re-

spects.

Type Locality.— Los Abritos, San I.uis

Potosi, Mexico.

Type Material.— The female holotype,

male allotype, and 12 paratypes were
taken at the tvpe localit^' (on Highwav
80 east of Ciudad del Maiz) on 18-Vi-

1953. from Licjuidanibar styraciflua. b}'

me.
The holot;ype, allotype, and paratypes

are in my collection.

Pityophthorus diligens. n. sp.

This species is distinguished from sam-
buci Blackman by the more broadly im-
pressed elytral declivity, with the lateral

convexities more abruptly rounded; by the

more strongly, more extensively im-
pressed frons; and by other characters.

Female.— Length 1.3 mm (paratypes
1.3-1.5 mm), 2.8 times as long as wide;
color almost black.

Frons broadly convex, almost flat on
median lower half, often with upper mar-
gin of impressed area abrupt or obscurely
subcarinate; surface smooth, shining.

rather finely punctured; vestiture short,

sparse, inconspicuous.

Pronotum 1.15 times as long as wdde;
outline as in sambuci; anterior margin
costate; posterior areas almost smooth,
shining, very obscurely subreticulate,

punctures rather fine, deep, not close.

Vestiture as in sambuci. disc glabrous.

Elytra 1.8 times as long as wide, 1.6

times as long as pronotum; outline and
disc about as in sambuci except strial

punctures deeper, surface smoother, with-

out any reticulation. Declivity steep,

shallowly bisulcate; as in sambuci except

punctures on striae 1 and 2 as large as

on disc, appearing slightly more broadly
impressed with lateral convexities more
abruptly rounded, more deeply impressed
in some specimens; vestiture finer.

Male.-— Similar to female except frons

and de( livilal suk us inore distinctly im-
pressed.

Type Locality.— Teji miles or 16 km
E Pachuca, Hidalgo, Mexico.

Type Material.— The female holotype,

male allotype, and 11 {)aratypes were
taken at the type locality on 10-VL67,
2,600 m, No. 186, from a desert shrub
with bluish leaves, by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus corruptus, n. sp.

This species is distinguished from lautus

Eichhoff by the larger size, by the dif-

ferent frons in both sexes, and by other

minor differences described below.

Female.— Length 1.6 mm (parat;y^es

1.4-1.8 nun), 2.6 times as long as wide;
color reddish brown.

Frons planoconvex to upper level of

eyes, more strongly convex above; sur-

face almost smooth and shining on lower
half, punctures moderately coarse, not
close, becoming closely granulate-punc-

tate above eyes; vestiture of rather sparse,

almost uniformly distributed, moderately
long hair.

Pronotum and elytra as in lautus ex-

cept elytral declivity steeper, interstriae

2 more strongly impressed, interstriae 3

conspicuously higher than 1.

Male.— Similar to female except lower
half of frons moderately, transversely

impressed, surface more coarsely punc-
tured, vestiture short, inconspicuous.

Type Locality.— Matamoros, Puebla,

Mexico.

Type Material.— The female holotype,

male allot\7ie. and 25 paratypes were
taken at the type locality on 14-VL67,
2.000 m. No. 34, from the stem of a

climbing poison ivy (Toxicodendron sp.),

by me.
The holotype, allotype, and paratypes

are in my collection.

Pityophthorus nebulosus. n. sp.

This species is distinguished from nanus
Wood by the very different female frons,

by the smaller elytral punctures, and by
the much more shallowly sulcate decliv-

ity.
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Female.— Length 1.6 mm (paratypes
lA-1.7 mm), 3.0 times as long as wide;
color yellowish brown.

Frons transversely impressed from
epistoma to upper level of eyes, upper
margin subangulate; surface shining,

rather coarsely, closely punctured except
sparsely on small central area; vestiture

of moderately abundant rather long hair

about uniformly distributed over im-
pressed area.

Pronotum as in nanus except asperities

in less definite rows, punctures on disc

slightly smaller, disc more shagreened.

Elytra as in nanus except discal punc-
tures smaller, declivital sulcus very shal-

low, interstriae 2 flat, 1 as high as 3,

shagreened. Vestiture confined to odd-

numbered declivital interstriae, sparse,

each seta flattened on its apical third, ap-

pearing narrowly spathulate.

Male.— Similar to female except slight-

ly smaller; frontal impression restricted

to lower half, deeper; punctures less abun-
dant, more uniformly distributed; vesti-

ture short, sparse, inconspicuous; declivi-

tal impression wider, distinctly deeper
(but much less strongly impressed than
in nanus) ; lateral convexities unarmed or

with very minute granules.

Type Locality.— "Lake" Catemaco,
Veracruz, Mexico.

Type Material.— The female holotype,

male allotype, and 16 paratypes were
taken at the type locality on 1-3-V-1969,
from Bursera, by D. E. Bright.

The holotype, allotype, and 10 para-

types are in the Canadian National Col-

lection; six parat^'^pes are in my collection.

Pitynphthnrus niclanurus, n. sp.

This species is distinguished from alni

Rlackman by the smaller average size, by
the rugose-reticulate [jroiiotal surface, by
the coarser pronotal rugae on the posterior

half, by the wrinkled elytral surface, and
by other characters described below.

Female (?).— Length 2.0 mm Tpara-

types 1.7-2.0 mm), 3.0 tiiiu>s as long as

wide; color black.

Frons broad!V comcx, a slighl trans-

verse impression immediately above epis-

toma; surface reticulate, punctures fine.

rather sparse; vestiture fine, short, sparse.

Antennal club 2.0 times as long as wide,
sutures 1 and 2 straight, not marked by
grooves or setae on middle half.

Pronotum 1.16 times as long as wdde;
outline about as in alni; anterior margin
armed by about 16 rather coarse serra-

tions; longitudinal rugae extending to

base as in alni except much coarser on
disc, surface between asperities and rugae
rugose-reticulate, punctures not clearl}^

evident. Vestiture restricted to margins
and asperate area.

Elytra 1.8 times as long as wide, 1.6

times as long as pronotum; outline as in

alni: striae not impressed, moderately to

stronglv confused, 1 and 2 often distin-

guishable on posterior half; surface shin-

ing. wTinkled, interstrial punctures sim-

ilar to and largely confused with those of

striae. Declivity steep, convex; sculpture

as on disc, striae 1 and 2 slightly con-

fused but identifiable, their punctures al-

most as large as on disc; interstrial

])uiictures not granulate. Vestiture extend-

ing to base, similar on disc and declivity;

consisting of moderately coarse, rather

long strial hair and similar interstrial

setae, interstrial setae on declivit\' slightly

longer.

Type Locality.— Five miles or 8 km W
San Cristobal de las Casas. Chiapas,

Mexico.

Type Material.— The holoytpe and
three paratypes, apparently all females,

were taken at the type locality on 3

(type"), 5, and lO-V-1969, beating oak. by
H' F. Howden.

'Hie holotype and one jiaratype are in

the Canadian National Collection and
two paratvpes are in my collection.

Araptus frracilcns. n. sp.

This species is distinguished from
dcnfifrorjs Wood bv ihr smaller size, by
the l(>ss sfrongU' impresstn] frons in both
sexes, and by the slightly smaller punc-
tures on the pronotum and eh'tra.

Male.— Length 1.2 nun ( [)aral\ pes

1.1-1.3 mm), 3.2 times as long as A\dde;

color brown.
Frons as in rlentifrons except almost

flat, carina and marginal tubercles very
slightly smaller.
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Pronotum 1.3 times as long as wide; Type Locality-— Four miles or 6 km N
as in dentifrons except anterior margin Mazatlan, Sinaloa, Mexico.
more broadly rounded, nutictures slightly ^ i , , ry.. ^ ^ ^

smaller ^ I ype Material.— The male holotype,

Elytra 1.8 times as long as wide, 1.5 fT'^^l^ allotype, andW paratypes were

times as long as pronotuni; as in denti- f^^''
''^ the type locality on 31-VII-1964,

irons except strial punctures smaller, ^^"."^ '^" '^^^ive oriole nest, by E. E. Lind-

more widely spaced. *^"^,
, , ,, ,

' Ihe holotype, allotype, and two para-
Female.— Similar to male except frons; types are in the Canadian National Col-

frons as in female dentifrons except weak- lection; two paratypes are in my collec-

ly convex, yestiture finer, slightly shorter. tion.



THE STONEFLIES (PLECOPTERA) OF LOUISIANA^

Kenneth W. Stewart,^ Bill P. Stark,-* and Thomas G. Higgins*

Abstract.— A list of species, illustrated keys to nymphs and adults, distribution, and biological

notes are presented for 24 stonefly species occurring in Louisiana. Leuctra moha?, Pteronarcys dor-

sata, Helopicus subvarians, Paragnetina kansensis, Paragnetina immarginata, Phasganophora capitata,

and Acroneuria evoluta are recorded only from the florida parishes east of the Mississippi River.
Isoperla coushatta. Isoperla mohri, Neoperla clymene, an undescribed Neoperla (Sp. A), Paragnetina
fumosa, Acroneuria abnormis, Acroneuria arenosa, Perlinella drymo, and Perlesta placida are found
both east and west of the Mississippi; and AUocapnia granulata, Allocapnia malverna, Amphinemoura
nigritta, and three species of Taeniopteryx have been recorded only west of the Mississippi.

Habitats are primarily sand-bottomed streams of pine-hardwood rolling hills, constituting a portion
of the western Gulf Coastal Plain. Few stoneflies occur in streams of the Mississippi Alluvial Plain,
the Alluvial Atchafalaya Basin, or the lowlands along the Red River.

Distribution and biology of the eco-

logically important stoneflies are poorly
known for the Gulf Coastal Plain Physio-
graphic Province of North America. Be-
cause this area was included in Ricker's

(1964) "Southeastern" Glacial Refuge,
its stonefly fauna has generally been con-
sidered similar to that of the Central and
Southern Appalachian and Ozark- Qua-
chita provinces. Recent discovery of three

new Leuctra species and an Isoperla
(James 1974) from Alabama, the en-

demicity of Allocapnia malverna Ross to

the Coastal Plain Province in Texas,
Oklahoma, and Arkansas (Stewart et al.

1974), and discovery of two new Isoperla,

coushatta and sagittata, from East Texas
(Szczytko and Stewart 1976) suggest oc-

currence of considerable post-pleistocene

speciation on the coastal plains.

This paper constitutes a review of Ple-

coptera known from the West Gulf Coastal

Plain and is the first comprehensive
treatment of the stoneflies of Louisiana.
Previous collection effort is indicated by
the fact that only three species, Acroneu-
ria evoluta Klapalek, Perlinella ephyre
(Newman), and Paragnetina immarginata
(Say), were listed from the state by
lilies (1966). Another species, Isoperla

guerinii (Pictet), was considered by
lilies a nomen dubium (et oblitum). Ross
and Ricker (1971) plotted four localities

in central Louisiana for Allocapnia mal-
verna and one for Allocapnia granulata
(Claassen). Thus, a total of four valid

species was attributed to Louisiana in the

literature through 1971. Ricker (1972)
mentioned the probable scarcity of stone-

flies along the lower Mississippi, and the
fact that Louisiana was the only state that

he had not visited.

The potential habitats for stoneflies are

generally limited in Louisiana to mostly
sand-bottomed streams of: (1) the north
central and western upland rolling hills,

with their oak-hickory and shortleaf-

loblolly pine forests, (2) the southwestern
and central longleaf-slash pine-deciduous
forest, and (3) mixed forests of the florida

parish region. The 50-100-mile-wide Mis-
sissippi Alluvial Plain of eastern Louisi-

ana, the alluvial Atchafalaya Basin along
the lower Mississippi, and the lowlands
along the Red River, cutting from the

northwestern corner through the central

portion of the state, are flat, characterized

by sluggish, highly silted streams, and are

generally devoid of stoneflies. These phys-
iographic and vegetational features ren-

der Louisiana of special interest to fur-

thering knowledge of present distribution

and possible past dispersals of Nearctic
Plecoptera.

Methods

We began collecting in Louisiana in

1970. Our effort in the florida parishes

was concentrated during the late winter
and s})ring months, Feb.-June, 1971-1973,
and in December 1975. Northern and cen-

tral sections were extensively collected in

December 1970, January and December
1971, January, February, and May 1973,

and March 1974. Limited collecting at

selected points throughout the state was
done over the five-year period.

'Study supported by the Faculty Research Fund of North Texas Stale University.
'•'Professor and Research Associate, respectively. North Texas State University, Deiiton, Texas 7fi20?

^Present address: (;oiitral ITikIsdii Gas atid Klectrir Corp., Piiuphkeepsie, NY. 12602
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Collecting expeditions often traversed
over 1,000 miles. Streams were collected

by a combination of methods, including
sweeping streamside vegetation, using
kick nets in riffles, actively searching
through leaf debris, removing and scruti-

nizing submerged logs, actively searching
among rocks and debris along stream
margins, tapping emergent vegetation with
a stick (good method for adult Taeniop-
teryx), searching surfaces and cracks
around bridges and in some instances

searching around nearby lights at night
or operating a fluorescent light device at

streamside.

Distributional data and /or specimens
were obtained from Louisiana State

University at Batan Rouge, Smithsonian
Institution, Harvard Museum of Compar-
ative 7oolog\% University of Utah, Uni-
versity of Kansas, and the Illinois Natural
History'' Surv^ey.

The aedeagi of males were extruded
by squeezing at time of collection or with
forceps in preserved specimens after

clearing in a 5 percent solution of KOH.
Specimens of hoperla were compared to

the t\'j)es of hoperla mohri Prison, ho-
pprla namata Prison, hoperla richardsoni

Prison, and hoperla coushatta Szcz^^ko
and Stewart. TTie recent revisions by
Stark and Gaufin f 1976a, b) were fol-

lowed in determinations of Perlidae. Ova
were dissected from gravid females,

mounted according to the techniques of

Koss (1968), and examined using a Zeiss

photomicroscope equipped with phase
contrast and Nomarski interference con-

trast. Photographs of ova were taken from
sf)ecimens collected in the indicated Coast-
al Plains state.

List of Louisiana Stoneflies

Systematic Treatment according to

Zwick (1973)

Suborder Arctoperlaria

Group Euholognatha

Family Leuctridae
1. Leuctra mohal Ricker^.

Family Taeniopterygidae
2. Taeriiopteryx burksi Ricker and Ross*.

3. Taeniopteryx lita Frison"*.

4. Taeniopteryx lonicera Ricker and Ross*.

Family Nemouridae
5. Amphinemura nigritta (Provancher)*.

Family Capniidae
6. AUncapnia granulata (Claassen).
7. AUncapnia malverna Ross.

Group Systellognatha

Family Pteronarcyidae
8. Pteronarcys dorsata (Say)*.

Family Perlodidae
9. Helopicus subvarians (Banks)*.

hoperla coushatta Szczytko and
Stewart*.

Isoperla mohri Frison*.

hoperla sp. A.

Family Perlidae

13. Neoperla clymene (Newman)*.
Neoperla sp. A.
Paragnetina fumosa (Banks)*.

Paragnetina immarginata (Say).
Paragnetina kansensis (Banks)*.
Phasganophora capitata (Pictet)*.

Acroneuria abnormis (Newman)*.
Acroneuria arenosa (Pictet)*.

Acroneuria evoluta Klapalek.

Perlesta placida (Hagen)*.
Perlinella drymo (Newman)*.
Perlinella ephyre (Newman)

.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Key to the Adult Stoneflies of Louisiana

1. Paraglossae and glossae equal in length (Pig. 1) 2
Paraglossae longer than glossae (Pig. 2) 6

2(1). Gill remnants present on thorax and first two abdominal sterna;

body length greater than 20 mm .. Pteronarcyidae; Pteronarcys dorsata^.

Gill remnants absent from abdominal sterna; body length less than
15 mm 3

3(2). Pirst and second tarsal segments approximately equal in length;

coxae with small round membranous area ventrally (Pig. 5)

Taeniopterygidae; Taeniopteryx 19
Second tarsal segment shorter than first (Pig. 6); coxae without
membranous area ventrally 4

4(3). Cerci multisegmented. Capniidae; Allocapnia 21
Cerci wdth one segment 5

5(4). Apical marginal space of forewing with oblique crossvein (Pig.

10); cervical gills present Nemouridae; Amphinemura nigritta

'Louisiana records represented by nvmphs only.
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Apical marginal space of forewing without oblique crossvein;

cervical gills absent Leuctridae; Leuctra moha?^.

6(1). Gill remnants usually present on sides and venter of thorax;

arms of mesosternal Y-ridge poorly developed, but reaching to,

or near, anterior corners of furcal pits (Fig. 4). Perlidae 7

Gill remnants absent from sides and venter of thorax; arms of

mesosternal Y-ridge well developed and reaching posterior cor-

ners of furcal pits (Fig. 3). Perlodidae 18

7(6). Apex of abdomen with a pair of dorsal sclerotized genital hooks
(Figs. 11, 12) 8

Apex of abdomen without dorsal hooklike structures; posterior

margin of eighth sternum variously modified 13

8(7). Genital hooks developed from hind margin of tergum 10 anterior

to cerci (Fig. 11); abdominal sternum without a hammer 9

Genital hooks developed from paraprocts, originating below cer-

eal bases (Fig. 12) ; abdominal sternum 9 with or without ham-
mer 11

9(8). Two ocelli Neoperla clymene'
Three ocelli 10

10(9). Genital hooks projecting to anterior margin of tergum
- PJiasganophora capitata

Genital hooks projecting to middle of tergum 9. Paragnetina 22

11(8). Sternum 9 without a hammer Perlesta placida
Sternum 9 with a hammer (Fig. 13) 12

12(11). Forewing with at least one crossvein beyond the anal cell between
A^ and A- (Fig. 9) Perlinella ! 24

Forewing without crossveins beyond anal cell between A^ and A-;
patches of spinules on abdominal terga 9 and 10 (Fig. 12)
Acroneuria 25

13(7). Forewing with at least one crossvein beyond the anal cell between
A^ and A^ (Fig. 9). Perlinella 24

Forewing without crossveins beyond anal cell between A^ and A- 14

14(13). Two ocelli Neoperla clymene''
Three ocelli 15

15(14). Subgenital plate with median notch on posterior margin 16

16(15). Forewing length less than 15 mm Perlesta placida
Forewing length more than 1 7 mm Paragnetina 22

17(15). Thoracic sterna with transverse dark bands of pigmentation
Phasganophora capitata

Thoracic sterna without dark bands of pigmentation. Acroneuria 25

18(6). Submental gills present; male tergum 10 cleft; wings and most of

body black flelopicus suhrarians^
Submental gills absent; male tergum 10 entire; wings and body

color variable, pale yellow to brown. Isoperla 27

19(3). Vesicle usually j)resent on male steniiun 9; paraprocts narrow and
pointed at tip; notch of female subgenital plate margined by
dark V-shaped bands Taeniopteryx burksi

"Louisiana record consists of one female from Washington Parish,
'The genus Neoperla is preeently imder revision; some specimens will he n sorond species (sec \c<ipcrUt Species A.

section following).
M. mcla will key here also.
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Vesicle absent from male stenium 9; paraiirocts broad at base and
truncate or broadly rounded at tips; notch of female subgenital

plate margined by dark U-shaj)ed band 20

20(19). Basal width of paraprocts equal to or greater than length

Taeniopteryx lita

Basal width of paraprocts approximately half the length
Taeniopteryx lonicera

21(4). Process of male tergimi 8 cleft; female subgenital plate [)ointed

mesally Allocapnia granulata

Process of male tergum 8 entire; female subgenital plate with
apical margin convex Allocapnia malverna

22(10,16). Body color pale yellow^; male tergum 5 unproduced
Paragnetina immarginata

Body color dark browTi to black; male tergum 5 posteriorly pro-

duced and mesally notched 23

23(22). Male genital hooks pointed at apex; ovum with collar at least half

as wide as greatest diameter Paragnetina immarginata
Male genital hooks bluntly rounded at apex; ovum with collar

less than one-third greatest diameter Paragnetina jumosa

24(12,13). Pronotum with median dark band of pigmentation Perlinella drymo
Pronotum without distinctive color pattern Perlinella ephyre

25(12,17). Male paraprocts broadly triangular and flattened; female sub-

genital plate not produced Acroneuria abnormis
Male paraprocts slender, fingerlike; female subgenital plate pro-

duced over at least one-third of sternum 9 26

26(25). Male paraprocts notched apically; female subgenital plate trun-

cate Acroneuria arenosa
Male paraprocts evenly tapered to a point; female subgenital plate

rounded, lateral margins constricted Acroneuria evoluta^

27(18). Abdominal terga with longitudinal rows of dots; male paraprocts
not produced over tergum 10; female subgenital plate rounded

Isoperla mohri
Abdominal terga without rows of dots; male paraprocts produced

over tergum 10; female subgenital plate triangular in outline ....

Isoperla coushatta

Key to Nymphal Stoneflies of Louisiana

1. Paraglossae and glossae equal in length (Fig. 1) 2
Paraglossae longer than glossae (Fig. 2) 6

2(1). Branched gills present on thorax and first two abdominal sterna

Pteronarcyidae; Pteronarcys dorsata

Gills absent from abdominal sterna 3

3(2). Unbranched. fingerlike gills present on each coxa; first and sec-

ond tarsal segments approximately equal
Taeniopterygidae; Taeniopteryx

Coxae without gills 4

4(3). Branched cervical gills present; hind wingpads widely divergent

Nemouridae; Amphinemura nigritta

Cervical gills absent; hind wingpads parallel to axis 5

5(4). Abdominal terga with distinct posterior setal fringe; segments 1-9
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divided laterally by membranous fold (Species indistinguish-

able at this time) Capniidae; Allocapnia

Abdominal terga without postrior setal fringe; segments 1-6, at

most, divided by lateral membranous fold Leuctridae; Leuctra

6(1). Branched gills present on sides and ventor of thorax. Perlidae 7

Branched gills absent from thorax. Perlodidae 12

7 {6). Occiput with a straight, evenly spaced, complete row of spinules

(Fig. 7) 8

Occiput with or without spinules, if present, the row is sinuate,

unevenly spaced or incomplete (Fig. 8) 10

8(7). Two ocelli Neoperla clymene
Three ocelli 9

9(8). Abdominal terga 1-9 with numerous scattered spinules in ad-

dition to posterior fringe. Paragnetina 13

Abdominal terga 1-9 with 5 or less scattered spinules

Phasganophora capitata

10(7). Occiput with a sinuate, unevenly spaced row of spinules; abdomi-
nal terga freckled Perlesta placida

Occiput with, at most, a few spinules near postocular fringe; ab-

dominal terga without freckles 11

11(10). Postocular spinule row reduced to a single seta, or absent; pro-

notum without well-developed setal fringe. Perlinella 15

Postocular spinule row with several stout setae; pronotum with
front and hind margins fringed with spinules. Acroneuria 16

12(6). Submental gills present (Fig. 2) Helopicus subvarians
Submental gills absent. Isoperla 18

13(9). Abdominal terga patterned in yellow and brown; a longitudinal

mesal fringe of long setae extending from head to apex of ab-

domen Paragnetina immarginata
Yellow pigmentation absent or restricted to a few abdominal

terga; body without a mesal longitudinal fringe of setae 14

14(13). Brown pigmentation extending completely across frons forward
of median ocellus Paragnetina kansensis

Brown pigmentation interrupted on frons by a longitudinal stripe

of yellow forward of median ocellus Paragnetina fumosa

15(11). Two ocelli Perlinella ephyre
Three ocelli Perlinella drymo

16(11). Anal gills absent Acroneuria abnormis
Anal gills present 17

17(16). Abdominal terga with alternating transverse bands of brown and
yellow; dorsum of head with broad yellow W-mark

Acroneuria evoluta
Abdominal terga without distinct transverse yellow bands; head

pattern variable Acroneuria arenosa and mela

18(12). Maxillary lacinia with a single tooth and setae present along its

entire inner margin, continuing around the outer margin; man-
dibles deeply cleft with serrations on inner margin of outer
tooth Isoperla mohri

Maxillary lacinia with two apical teeth and complete inner row of
setae; mandibles shallowly cleft, with no serrations on outer
tooth Isoperla coushatta
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,^r\>\fP ^^^'^

^por

Fig. 1-8. Louisiana Plecoptera: 1, Pteronarcys, nymphal labium (p = paraglossae. g = glossae);

2, Hydroperla crosbyi. nymphal labium (sg = submental gill); 3, H. crosbyi, nymphal mosostemal

grooves; 4. Paragnetina fumosa. nymphal mososternal grooves (a = arm of Y-ridge, fp = furcal

pit); 5, Taeniopteryx lita, nymphal tarsi; 6. Allocapnia granulata, nymphal tarsi; 7, Paragnetina

fumosa. nymphal head (or = occipital spinule row. por = post occular spinule row); 9. Perlesta

placida. nymphal head (oc = anal crossvein)

.
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Figs. 9-n. Louisiiiriii Plornptera: 9, Perlinella cpliyre. forowing (ac anal i rossvoin) ; 10,

Amphinemura nigritta, forewing (amc = apical marginal crossvoiii); 11. Parnprirlina futnosa, male

terminalia (c = cercus, gh = genital hook); 12, Acroncuria ahnonuis, male torminalia (c = cer-

cus, pp = paraproct, sp = spinule patch); \i, Aroneuria arenosa, male sternum 9 (h = hammer).
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Leuctra tnoiia'} Ricker

Leuctra rnoha Ricki'i. 19:52: 171.

Distribution in Louisiana: Washington, Small
Crt'ek Jet. Hwy 10-62 near Sheridan (Fig. 14).

Only one female was collected at the

above locality by K. W. Stewart, R. W.
Baiimann, and B. P. Stark, December 1,

1975. It fits the description and illustra-

tion of a supposed Leuctra tnoha fe-

male (Ricker 1952, Fig. 123). The col-

lector, Dr. P. W. Fattig, had taken two
types of females along with the holotypo;

the one illustrated w'as more accordant in

size to the holotype, but Ricker noted that

correlation was not certain. All previously

reported records of this species have been
from Georgia (Ricker 1952), during the

month of October. No Leuctra species

have been reported from immediately ad-

jacent states; how^ever, ap})roximately 12

species occur from the Carolinas westward
(lilies 1966). James (1974) reported three

new Leuctra from the Gulf Coastal Plain

state of Alabama, in addition to Leuctra
biloba Claassen and Leuctra alexanderi

Hanson. Harley P. Brown recently sent

us a Leuctra nymph from Tishomingo
County, Mississip])i.

Taenioptcryx hurksi Ricker and Ross

Taeniopteryx burksi Ricker and Ross, 1968: 1425.

Distribution in Louisiana: Bienville. Black
Lake Bayou; Saline R. (plus other parislies

from which only presentlj" indistinguishable
Taeniopteryx nymphs have been collected.

Fig. 15).

We collected a large series of adults

and only two nymphs at the above two
localities in Bienville Parish on 4 Feb-
ruary 1972, indicating a January-Feb-
ruary emergence. This widely distributed

species emerges as late as April in Quebec
(Harper and Magnin 1969). In Canada
eggs hatch a few weeks after deposition,

nymphs undergo a long summer dia-

pause until fall, and then njTuphs grow
very rapidly (Harper and Hynes 1970;
Harper and Magnin 1969). Nymphs occur
in debris in small sand-bottom streams
and slow-floNving bayous ; good results in

3 Leuctra moha'i'

• Allocapnia granulata

A. malverna

Allocapnia sp. nymphs

Annphinennura sp

Annphinennura nigntta

Pteronarcys dorsata

Fig. 14. Distribution of Capniidae, Nemouridae, and Pteronarcyidae in Louisiana.
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. Taeniopteryx burksi

I T. lita

I T. lonicera

I Taeniopteryx sp.

nymphs

I

Fig. 15. Distribution of Taeniopterygidae in Louisiana.

collecting adults can be obtained by tap-

ping emergent vegetation sharply with a

stick or net handle, then netting the adults

from the water's surface. Nymphs have
been figured by Harper and Hynes
( 1971 ) , but since lonicera and lita nymphs
are undescribed, Louisiana specimens can-

not be separated with confidence.

Taeniopteryx lita Prison

Taeniopteryx lita Prison. 1942: 249.

Distribution in Louisiana: Beauregard, Whis-
key Chitto Cr. Franklin, Big Cr. Grant, 1

mi SE Montgomery; near Pollock (Fig. 15).

This species and lonicera can be distin-

guished from burksi by absence of a vesi-

cle on sternite'' and by the broadly round-
ed or truncate tips of their paraprocts.

Adults appear in December and January
in Louisiana. In their revision of Taeniop-
teryx, Ricker and Ross (1968) reported

this species from adjacent Mississippi.

It also occurs in the east Texas pine hills

in sluggish streams and bayous (Stewart

et al. 1974; Szczytko and Stewart 1977).

A closely related species, 7'. starki, occurs

in the sluggish Leon River in central

Texas (Stewart and Szczytko 1974). Il-

lustrations of the adult genitalia and
wings were given by Frison (1952). Our
examination of the holotype from the

INHS indicated that the dorsal processes

of the cerci are much stouter than the

"small and finger-like" description and
illustration given by Frison (1942). Hitch-

cock (1974) and Stewart and Szczytko

(1974) illustrated the male paraprocts,

and Stewart and Szczytko (1974) com-
pared the central plate (subgenital plate)

of the female abdominal sternum 8 of 7.

lita, T. lonicera, and T. starki. The nymph
of T. lita is undescribed.

Taeniopteryx lonicera Ricker and Ross

Taeniopteryx lonicera Ricker and Ross. 1968: 1427.

Distribution in Louisiana: Beauhkc;ahd. Whis-

key Chitto Cr. (Fig. 15).

Two males were collected with a large

iiiiinl)(>r of T. lita on 26 December 1970,

in Whiskey Chitto Creek. They exhibit

the distinct slender, twisted cerci, with

inner surfaces deeply excavated for the

distal 0.7 of its length, and paraprocts as

illustrated by Ricker and Ross (1968).

This species has been reported from adja-
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cent Mississippi (Ricker and Ross 1968)
and Texas (Stewart et al. 1974; Szczytko
and Stewart 1977). The n>anphs are un-
described and the life cycle unreported.

Amphinemura nigritta (Provancher)

Nemoura nigritta Provancher, 1876: 214.

Nemoura venosa Banks, 1897: 21.

Nemoura striata Banks. 1920: 324.

Nemoura nigritta, venosa. Claasson. 1940: 60. 66.

Nemoura {Amphinemura) nigritta. Ricker.

19'52: 2-5.

Nemoura nigritta. venosa. Gaufin. 19*^6: 322.

DisTRinuTiON IN Louisi.\NA: C.\T.\Houi,A, Bircls

Cr.; DESOTO. Four Mile Bayou; Jackson.
unnamed stream; Lasai.le. Trout Cr. ; Natchi-
toches, Kisatchie Cr.. Winn Cr. ; Sabine,
Blackwell Cr.

This species is distributed primarily in

central and western I^ouisiana (Fig. 14).

Ricker (1952) illustrated variations in the

male paraprocts; the present name nigritta

probably includes a complex of species.

The paraprocts of Louisiana males varv^

from those figured by Ricker (1952) and
Hitchcock (1974) and may be an un-
described species. Specimens have been
sent to R. W. Baumann for further study.

Adults have been collected in March-
April, and n^^nphs as late as 14 April.

Hitchcock (1974) reported a May to

mid-.Tune emergence in Connecticut and
indicated that adults came to blacklights

traps. Nymphs have been figured by
Claassen (1931) and Harper and Hynes
(1971). Harper (1973b) described the life

cycle. Louisiana nymphs have four
branched cers'ical gills, appearing as

prominent gill tufts in the neck region.

Allocapnia granulata (Claassen)

Capnella granulata Claassen. 1924: 44.

Distribution in Louisiana; Tasam.e. Hairs Cr.

Grant. Small stream 1 mi N Pollock; central

Louisiana ("one plot. Ross and Ricker 1971).

This widely distributed eastern species

is apparently much less common than A.
malvcrna and appears to be restricted to

the pine hills near the Kisatchi National
Forest in central Louisiana (Fig. 14).

Stark and Stewart (1973) and Stewart
et al. (1974) reviewed its distribution in

adjacent states of Oklahoma and Texas.
Adults appear in December-January and
probably undergo a n\'mphal diapause
in summer (Harper and Hynes 1970)
with rapid nymphal development in the

fall. Prison (1929) discussed the life cycle

and habits in Illinois. Excellent accounts

and illustrations of the morphology of

adults, Nearctic distribution, and evolu-

tion are given by Ross and Ricker (1971).
Nymphs were figured by Frison (1929),
Harden and Mickel (1952), and Harper
and Hynes (1971).

Allocapnia malverna Ross

Allocapnia malverna Ross, 1964: 170.

Distribution in Louisiana: Beauregard, Whis-
key Chitto Cr. Claiborne, 2 mi E Lisbon;

DESOTO. 2 and 4 mi E Mansfield; Grant. 6 mi
S Georgetown, 1 mi SE Montgomery. J.\ckson,

unnamed stream. Natchitoches. Kisatchie Cr.

;

Winn Cr. Rapides, Hemphill Cr. Vernon,
Calcasieu R.; Comrade Cr. Webster, 6 mi E
Minden. Lasalle, 15 mi SW Jena; Earl Cr.;

Whitewall (Ross and Ricker 1971).

A. malverna appears to be restricted to

the western Gulf Coastal Plain of Louisi-

ana (Fig. 14) and adjacent states of Ar-
kansas (Ross and Ricker 1971). Oklahoma
(Stark and Stewart 1973), and Texas
(Stewart et al. 1974; Szczytko and Stewart

1977). Males are figured by Ross and
Ricker (1971); females cannot at present

be distinguished from niohri and mystica
(both figured by Ross and Ricker 1971).

We have collected adults from 26 De-
cember to 5 February in Louisiana.

Nymphs are undescribed, and the life

cycle is unknown.

Pteronarcys dorsata (Say)

Sialis dorsata Say. 1823: 164.

PlfTonarr^s rrgalis Newman. 1838: 176.

Kollaria insignis Pictet. 1841: 123.

Pteronarcys nobilis Jia^en. 1861: 15.

Pteronarcys frigida Gersiaec\ier. 1873: 65.

Pteronarcys rectus Provancher, 1876: 191.

Pteronarcys flavicarnis ProYancher. 1876: 191.

Pteronarcys lahradoriensis Samal. 1933: 95.

Petronarcys shelfordi Frison. 1934: 25.

Distribution in I-ouisiana: E. Feliciana? (label

-^Fla? Parish). Living.ston, Tickfaw R.

Tangipahoa, Tchefuncta R.; .5 mi E Kent-
wood.

Only n>Tnphs of this Pteronarcys have
been collected from 29 January to 27
May in Louisiana. The backward projec-

tion of sternum 9 in male nymphs is

wider and has the sides more parallel as

described and illustrated bv Harden and
Mickel (1952, Fig. 7 of Plate IX). Male
iiATTiphs of pictctii exhibit a subtriangular

projection (Harden and Mickel 1952, Fig.

8 of Plate IX). Female nymphs collected
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in May 1972 and 1973 are over 40 mm in

length. Harden and Mickel (1952) stated

that female Minnesota nymphs of both
dorsata (over 40 mm) and pictetii (less

than 39 mm) could be consistently dif-

ferentiated by their size. Nymphs are

found clinging to logs in larger rivers in

the florida parishes (Fig. 14), and emer-
gence probably occurs in May and June.

The range of dorsata is perhaps the widest

of any Nearctic stonefly, being transcon-

tinental from Alaska to Labrador in the

north, extending down the Cordillera to

Wyoming in the west, and previously to

Georgia in the east. Louisiana is the

farthest southwestward that the species

has been reported, so collection and study
of the morphology and biology of adults

is needed. Nebeker (1971) reported the ef-

fects of different laboratory temperatures
on development, feeding, emergence, egg
production, and adult longevity. Nelson
and Hanson (1971) figured adult geni-

talia, and Needham and Claassen (1925)
and Knight et al. (1965) figured the egg.

Hoke (1924) illustrated the head and
mouthparts of a nymph that might have
been dorsata.

Helopicus subvarians (Banks)

Prrld subvarians Banks. 1920: 317.

Pcrla postica Needham and Claassen, 1925: 82.

Perla lincta Needham and Claassen, 1925: 89.

Perla tinctata Claassen, 1936: 623.

Hydroperla subvarians. Prison. 1942: 292.

Isogenus (Helopicus) subvarians. Ricker.

1952: 103.

Distribution in Louisi.xna: Tangipahoa, Terry
Cr. Washington. Tchefuncta R. Haj's Cr. 3 mi
S Jet. 25-38 near Clifton.

Only the distinctive nymphs with a

black band across the head (Ricker 1952)
have been collected east of the Mississippi

River (Fig. 16) in Louisiana. Little is

known of the biology of this species.

Hitchcock (1974) based its presence in

Connecticut also on nymphal collections.

hoperla coushatta Szczytko and Stewart

Isoperla coushatta Szczytko and Stewart, 1976: 99.

Distribution in Louisiana: Catahoula, tribu-

tary Bird Cr. Lasalle, Hemphill Cr. ; Trout
Cr. Lincoln, Bayou D'Arbonne. Natchi-
toches. Kisatchie Cr. ; Middle Cr. R'^pides,

Castor Cr. Tangipahoa, Terry Cr. Washing-
ton, Hays Cr.

This species is distributed in small,

sand-bottomed creeks throughout central

Helopicus subvarians

Isoperla coushatta

• Isoperla sp. nymphs

• I. nnohn

a Isoperla sp. A

Fig. 16. Distribution of Perlodidae in Louisiana.
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and iiortlieni Louisiana and the northern
florida parish region (Fig. 16). The male
aedeagus is entirely nienibranous, some-
what (lub-shajDed when extruded, and the

female subgenital ])late is triangular, pro-

duced backward over not more than one-

tliird of tiie stenuun 9. The lacinia of the

n>^llJ)h has two apical teeth and a com-
plete inner row of setae. Nymphal mani-
bles are shallowly cleft, with no serrations

on the outer tooth. Szczytko and Stewart
(1976) figured the terminalia and extrud-

ed aedeagus of the male, subgenital

plate and terminalia of the female, and
complete mouthparts of the nymphs.
Adults were taken in April in Louisiana.

the male aedeagus and genitalia, female
subgenital plate and terminalia, and
nyniphnl mouthparts.

Isoperla sp A.

One fully winged male Isoperla from
the Tulane University collection, labeled

La, N. 0. 19-IV-51, J. LI., Lot No. 2425,
apj)ears to be an undescribed species. It

is similar to /. lonpiseta, differing primar-
ily in having shorter paraprocts, lack of

distinct spinule patterns on tergas 9 and
10, and different shape of the lobe on the
[posterior margin of sternum 8. We are at-

tempting to collect additional specimens.

Isoperla rnohri Prison

Isoperla mohri Prison, 1935: 455.

Distribution in Louisi.'^n.'v: Bienville, Black
Lake Bayou. Caddo. 6 mi N Jet. 525-169.

C.xLDWELL. unnamed stream. Claiborne. Cor-

ney Lake Spillway. Desoto. 3 mi E Mansfield,
4 mi N Logansport. Grant, unnamed stream.

Jackson, 11 mi E Jonesboro. Lincoln. Bayou
D'Arbonne. Red River, Grand Bayou. Sabine.
Blarkwell Cr.; Pliillips Cr.; 3 mi W Robeline.

Tangipahoa. Wilson Branch. 5 mi E Wilmer.
LTnion. Little Corney Bayou.

This species is widespread in Louisiana

west of the Mississippi (Fig. 16), east

Texas fSzxzytko and Stewart 1976, 1977),
and Oklahoma (Stark and Stewart 1973).
It has been previously reported only from
Illinois and Missouri. The male aedeagus
bears a distinct posterior spine below-

which is a double row of sclerotized fin-

gers (Szcz\i;ko and Stewart 1976); the

paraprocts are reduced, not curving up
over tergum 10 as in most Isoperla. The
female subgenital plate is broadly round-
ed, sometimes with a shallow notch, and is

much produced, covering most of the ster-

num 9. Nymphs have distinctive mouth-
parts. Their mandibles are deeply cleft,

with serrations on the inner margin of

the outer tooth. The lacinia bears a single

apical tooth, with setae present along the

entire inner margin, continuing arotmd
the outer margin; paraglossae bear a dis-

tinct apical nipple. The emergence of /.

mohri is spontaneous, apparently cued
to water temperature, and lasts usviallv

less than two weeks in late March to mid-
April. Frison ('1935) figured the geni-

talia, nymph, and n\TTiphal mouthparts.
Szczytko and Stew^art (1976) gave a de-

tailed analysis of the species and figured

Neoperla clymene (NewTuan)

Chloroperla clymene Newman, 1839: 87.

Perla occipilalis Pictet, 1841: 254.

Distribution in Louisiana: Beauregard. Bayou
Anococo; Bundick Cr. ; Whiskey Chitto Cr.

Catahoula, Birds Cr. tributar\'. East Baton
Rouge, Baton Rouge. East Feliciana, near
Magnolia. Grant, Big Cr.; Fish Cr.; Camp
Hardtner; Pollock. Lasalle. Trout Cr. Liv-

ingston. Little Natalbany R.; Tickfaw R.;

near Magnolia. Rapides. Germany Branch;
Hempliill Cr.; Spring Cr. St. Helena, Amite
R. Tangipahoa, Big Cr. Washington, Bogue
Chitto R.; Hays Cr.; Little Silver Cr.; Mill
Cr.

This is one of the most frequently en-

countered species in the state (Fig. 17)

and throughout the Gulf Coastal Plains,

although population densities are seldom
great. Stewart et al. (1974) discussed the

Nearctic distribution and unique south-

western relict populations of the species.

Stark and Gaufin (19763") have subse-

quently pointed out the existence of a

complex of several species which are cur-

rently under revision. Louisiana materials

examined as part of this revision reveal

the presence of a second form herein des-

ignated "S])ecies A." Vaught and Stewart
fl974) detailed the life history and ecolo-

gy of A^. clymene based on a study of

Texas populations. Accounts and illustra-

tions of adult morphology were given by
Stark and Gaufin (1976a). Nymphs were
figured by Frison (1935) but are not defi-

nitely associated with this species. Photo-

graphs of eggs definitely of this species

are found in Vaught and Stewart (1974)
and Stark and Gaufin (1976a). Details of

the chorion and collar are shown in Fig.

20.
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Neoperia clymene

Neoperia sp. A
Paragnetina kansensis

P immarginata

P fumosa

Phasganophora
capitata

Fig. 17. Distribution of Perlinae in Louisiana.

Neoperia sp. A
Distribution in Louisian.a: Grant, near Pollock.

Livingston, Little Natalbany R. Vernon, Ft.

Polk.

This is a smaller and more darkly pig-

mented form than typical clymene. The
two species broadly overlap in range over
the Gulf Coastal Plains and have been
taken together in the same light trap col-

lection in Livingston Parish (Fig. 17).

Eggs dissected from gravid females are
shown in Figs. 21 and 22. The chorion is

finely and regularly punctate, which con-
trasts markedly with the striate pattern
of typical clymene (Fig. 20).

Paragnetina fumosa (Banks)

Perla fumosa Banks, 1902: 123.

Perla imniarginata Ncedham & Claassen.

1925: 102.

Distribution in Louisiana: Rapides. Castor Cr.;

Germany Br.; Hemphill Cr.; Spring Cr. ; St.

Helena, .5 mi E Chipola. Tangipahoa, Terry
Cr. Tangipahoa-St. Tammany. Tchefuiuta
R. Washington, Silver Cr.; Bogue Cliitto R.;

Hays Cr.; 'j mi K Franklin; J( t. Hwy. 10-62;

3 mi S Jtt. 25-58 near Clifton.

This is the common Paragnetina spe-

cies of the (iulf (Coastal Plains. vStewart

et al. (1974) discussed its distribution,

which extended westward to the Black-

land Prairie of Texas. Two })opulation

centers have been located in Louisiana,

one in the Kisatchie National Forest and
the other in the florida f)arishes (Fig. 17).

Ricker (1949) figured the achdt genitalia.

Nymphs are undescribed but, based on our
reared material, may be distinguished

from kansensis by the color variation

noted in the key. Like kansensis, female
nymphs j)()ssess anal gills. No published

data are available on the life history or

behavior of this species. The egg (Fig.

23) is oval with a distinctly stalked collar.

The lip of the collar is bent outward and
has irregular, sharp emarginations;

chorionic reticulation is not evident.

Paragnetina immarginata (Say)

Sidlis imrnarpinatn Say. 1823: 164.

Prria lurida Hagen. 1861: 21.

Dlstuihution in Louisiana: Ori.e.\ns, New Or-

leans (Fig. 17).

The record of this species in Louisiana
is based on Plagen's Perla lurida type

specimens in the MCZ and on a similar
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specimen mentioned by Ricker (1949)
among Klapalek's material. No recent ma-
terial of this Appalachian species has been
taken in the state; and. based on its pres-

ent distribution and habitat [ireference of

cool mountain streams, it is doubtful that

any will bo forthcoming.

Paragnetina kansensis (Banks)

Perla kansensis Banks, 1905: 56.

Togoperla Sp. A Frison. 1935: 414.

Distribution in Louisi.\na: Livingston, Tickfaw
R. St. Helena, Amite R. Tangipahoa, Tangi-
pahoa R. Washington, Rogue Chitto R.; Hays
Cr.; Pushpatapa Cr.

This species is generally distributed

over the midwestem states and south to

the Gulf Coastal Plains. Present Louisi-

ana records are from the florida parishes

(Fig. 17), and it has not been reported

west of the Mississippi in the southern
part of its range in other recent studies

(Stewart et al. 1974; Stark and Stewart
197^). Adult genitalia were figured by
Frison (1937) and the nymph by Frison

(1935). Female nymphs of this species

differ from Frison's description in haying
a small tuft of anal gills. The life cycle
is unknown.

Phasganophora capitata (Pictet)

Perla capitata Pictet, 1841: 214.

Perla Iristis Hagen, 1861: 22.

Prrla annulipes Hagen. 1861: 22.

Perla flavescens Walsh, 1862: 363.

Perla hieroglrphica Provancher, 1876: 211.

Perla niarginipes Provancher, 1876: 212.

Perla americana Banks, 1900: 243.

Perla: illustris Banks. 1908: 256.

Perla innota Banks, 1918: 6.

Harrisinla nigriscens Banks. 1948: 119.

Harrisiola klapaleki Biuiks. 1948: 121.

Harrisiola rnodesta Banks. 1948: 121.

Distribution in Louisiana: Tangipahoa, Tangi-
pahoa R.; Terrv Cr. ; 1.5 mi E Amite (Fig.

17).

This species is widely distributed over
the eastern United States and Canada but
has not been found west of the Mississippi

River in the southern part of its range.

I

Although common in much of the Gulf
Coastal Plains area, the species is a rarity

in Louisiana. Illustrations of adult geni-

talia, nymphs, and eggs are given by
Frison (1935) and Stark and Gaufin
(1976a). Harper (1973a) presented data
on the emergence, oviposition, hatching,
and growth of the species in Canada.

Acroneuria abnormis (Newman)

Perla abnormis Newman. 1838: 177.

Perla sonans Newport, 1851: 449.

Acroneuria eidrnanni Samal, 1933: 96.

Distribution in Louisiana: Grant, Big Cr.

Lasaele, Trout Cr. Livingston, Little Natal-
bany R.; Tickfaw R. Rapides. Brown Cr.; Cas-
tor Cr.; Hemphill Cr. T.^ngip.mio.a. Chapepeela
Cr.; Tangipahoa R.; Terry Cr. Tangipahoa-St.
Tammany, Tcliefuncta R. Washington, Sil-

ver Cr.; Tchefuncta R.

This is the most widely distributed

Acroneuria in North America; however,
in Louisiana it is somewhat of a rarity.

The distribution shown in Figure 18 re-

flects .several specific locations but most
of these collections consist of one or two
specimens. Stark and Gaufin (1976b)
presented illustrations of male and female
genitalia and eggs; Frison (1935) figured

the nymph. Biological data are not avail-

able for the species.

Acroneuria arenosa (Pictet)

Perla arenosa Pictet. 1841: 178.

Perla pennsylvanica Rambur, 1842: 456.

Perla trifuncta Walker, 1852: 153.

Distribution in Louisiana: Be.\uregard, Bun-
dick Cr. Grand, 3 mi NW Drv Prong, near
Pollock. Lasalle, Trout Cr. Livingston,
Tickfaw R. N.-vtchitoches, Middle Cr. Rapides,
Brown Cr.; Castor Cr.; Germany Branch;
Hemphill Cr.; Indian Cr. Tangipahoa, Big
Cr.; Chapepeela Cr.; Natalbany R,; Terry Cr.

W.-^shington, Little Silver Cr.; .5 mi E Enon;
Jet. Hwy. 10-62.

This species ranges from Pennsylvania
down the Atlantic Coast to Florida and
westward in the Gulf Coastal Plains to

Texas (Stark and Gaufin 1976b). In

Louisiana, it has been taken in a variety

of streams ranging from small creeks to

medium-sized rivers. Populations are

centered in the florida parishes and in the

Kisatchie National Forest area (Fig. 18).

Illustrations of the male and female geni-

talia and the egg are presented by Stark

and Gaufin (1976b); the nymph is in-

distinguishable from Frison's (1935)
Acroneuria sp. A illustration. No data are

available on the biology of this species.

Acroneuria evoluta Klapalek

Acroneuria evoluta Klapalek. 1909.

Acroneuria arida Frison (Not Hagen), 1935: 395.

Acroneuria prolonga Claassen, 1937: 42.

Distribution in Louisiana: Orleans. New Or-

leans (Fig. 18).
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A Acroneuria abnormis

A. arenosa

n A. evoluta

# Perlinella drymo

• P ephyre

Fig. 18. Distribution of Acroneurinae (excluding Perlesta) in Louisiana.

The name evoluta has been applied by
Prison (1947) to a midwestern species

that ranges south into the Oklahoma
Ozarks. It is doubtful if this midwestern
form is the same as the type specimen
which came from New Orleans. Stark
and Gaufin (1976b) suggest Klapalek's
evoluta types may be synonymous with
Prison's mela; however, this specimen
needs to be examined before the matter
can be settled.

Perlesta placida (Hagen)

Perla placida Hagen, 1861: 28.

Perla decipiens Walsh, 1862: 364.

Perla brunnpippnnis Wnhh. 1862: 367.
Chloroperla uirf^inica ]inuks, 1898: 199.
Perlinella cinctipes Hanks, 1905: 56.

Isoperla texana Banks, 1914: 611.
Perlesta costalisYAixY^nXaV, 1921: 150.

Perlesta virginica inimaculata Klapalek,
,1921: 150.

Perlesta placida nitida 'Ranks, 1948: 115.

Distribution in Louisiana: Beauregard, Bayou
Anococo. BiENVii.i.E, urniainod stream. Bossier,
9 mi R Red River. Caihx). ^ mi N .fct. 525-169.
Cataiioula, Tributary Biids (>'r. Desoto, ^ mi
E Mansfield, 4 mi N Logansport. ChiANT, Fisli

Cr.; Hardtner; Pollock. Lasai.i.e, Hemphill Cr.

;

Trout Cr. Lincoln, Bayou D'Arbonne. Liv-

ingston, Little Natalbanie R.; Magnolia;
Tickfaw R.; Natchitoches; Kistachie Cr.; Mid-
dle Cr.; Winn Cr. Rapides, Brown Cr. ; Castor
Cr.; Chenywinche Cr.; Germany Branch;
Roaring Cr.; Spring Cr. 2 mi S Calcasieu.

Red River, Grand Bayou. S.'\bine, Blackwell
C; Crib Cr.; 3 mi N Many. St. Helena,
Amite R. Tangipahoa, Chapepeela Cr.; Natal-
banie R.; Tangipahoa R.; Tcliefuncta R.; Terry
Cr.; Wilson Branch. Vernon, Comrade Cr;

Fort Polk; Whiskey Chitto Cr. Washington,
Bogue Chitto R.; Hays Cr.; Little Silver Cr.;

Mill Cr.; Silver Cr.; Tchefuncta R. Webster,
Sawsman Cr.

This is the most abundant and widely
distributed Louisiana stoiicfly (Fig. 19).

Nymphs have been collected in gravel,

leaf litter, and debris; adults have been
taken in May and June by sweeping vege-

tation or at light traps. Illustrations of

male and female genitalia are jiresented

by Prison (1935), Stewart et al. (1969),
and Stark and Gaufin (1976a). Prison

(1935) figured the nym])h and com-
mented on its carnivorous food habits.

Photomicrographs of eggs were given in

Stewart et al. (1969) and Stark and Gau-
fin (1976a). The egg (Pig. 23) is oval

with a distinctly stalked collar. The lip of

the collar is l)ent outward and has ir-
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A Perlesta placida

Fig. 19. Distribution of Perlesta placida in Louisiana.

re^lar sharp emar^nations. Chorionic re-

ticulation is not evident. No data are avail-

able on the growth cycle of this species;

however, the appearance of onh' very
small nymphs from November to January
suggests a summer egg diapause and very
rapid spring growth in southern latitudes.

Stewart et al. (1969) discussed the mating
behavior of Texas adults.

Perlinelln drymo (Newman)

Isogenus drymo Newman, 1839: 86.

Perla elongata Walsh. 1862: 366.

Perla trivittala Banks, 1895: 313.

Distribution in Louisi.\na: Vernon, unnamed
stream. W.^shington, Bogue Chitto R.; Little

Silver Cr.; Jet. Hwy. 10-62.

This widely distributed eastern species

is rare among collections from Louisiana
at present (Fig. 18). Zwick (1971)
figured male and female genitalia, and
Stewart et al. (1974) reviewed the south-

western distribution. Stark and Gaufin
(1976a) figured male and female geni-

talia, eggs, and selected characters of the

m-mph. Prison (1930) figured the whole
nymph and discussed the microdistribu-

tion and food habits of this species. The
egg (Fig. 25) is oval, lacks chorionic re-

ticulation, and has a small, elegantly

stalked collar topped by a massive mush-
room-shaped anchor plate.

Perlinella ephyre (Newman)

Chloroperla ephyre Newman. 1839: 87.

Perla producta Walsh, 1862: 365.

A toperla consors Banks, 1948: 128.

Distribution in Louisiana: St. Helena, Amite
R. Washington, Bogue Chitto R.; Harp Cr.;

Pushpatapa Cr.

This species is widely distributed across

the American midwest and (iulf Coastal

Plains. We have collected it only in the

florida parish portion of Louisiana (Fig.

18), and it has not been taken west of the

Mississippi in the southern part of its

range. Details of male and female geni-

talia were figured by Zwick (1971); the

nymph was illustrated by Frison (1935).

No biological data are available for this

species.
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SEXUAL IMPRINTING OF A BARN OWL
(TYTO ALBA) ON HUMANS

Robert I/. vSmitli' and Kugone F. Olsen-

ABSTRACT.— The sexual impriiitiriR of a Barn Owl (Trio alba) on humans is reported.

In his book on tho subject, E. H. Hess
(Imprinting, early experience and the de-

velopment of attachment. Van Nostrand
Reinhold Company, New York 1973. 712

pp.) refers to sexual iinprinting on humans
in only one species of owl, the Eagle Owl
(Heinroth, O., and M. Heinroth. Die
Vogel Mitteleuropas. Bermiihler, Berlin.

1924-1933, 4 vols.) of the Old World. Here
we report an instance of sexual imprinting
on humans in tho Barn Owl (lyto alba).

"Simon," a male barn owl, was ac-

quired as a ca one-week-old chick bv the

Phoenix Zoo on 12 March 1974.^ The
chick was reported to have fallen from
a nest in a palm tree on a residential lot

in Glendale, Arizona. He was rlonated to

the zoo by the patron who found him.
The bird had no intraspecific contacts

after it was acquired by the zoo and was
hand fed and handled by one of us

(Olsen) from its acquisition date until

this writing. Simon began responding to

his handler with soft chirping vocaliza-

tions at approximately 2.5 months of age.

This response has continued to the pres-

ent.

In mid-March of 1975 the bird began
showing overt sexual behavior directed to-

^Departnicnt of Znolngj-, Arizona State University, Tempe,
-Education Department. Phoenix Zoo. Plioenix. .Xrizona

ward human handlers, particularly Olsen.

This behavior took the form of repeated at-

tempts by the owl to assume a copulatory
posture on the arm of its hi^ndler. Typical-

ly, the bird would loosely clasp a fold in

the handler's shirt with its beak, squat
with its tarsometatarsi flattened against

the handler's arm, its tibiae bent against

the tarsi (Fig. 1). While postured, the

owl flapped its wings lightly and repeat-

edly pressed its tail against the handler's

arm. Duration of the posture rarely ex-

ceeded 10 seconds, but it recurred as fre-

quently as 10 times in as many minutes
of handling. The intensity of this behavior

j)eaked in late May and diminished there-

after until the end of .lime, by w^hich time

it was completely extinguished.

Presumably, the owl as a chick had had
considerable interactions with its parents

and perhaps siblings during the first week
of its life. Early parental exposure, for a

precocial species, w^ould almost certainly

have insured the release of sexual be-

havior only in response to an ajipropriate

stimidus object. Apparently the barn owl,

being nidicolous, has a longer and /or later

critical period to learn its sexual releaser.

Arizona 85281.
85010.

^85
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Fig. 1 Barn owl in copulatory posture on arm of handler.
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LATE PLEISTOCENE VERTEBRATES OF THE SILVER CREEK
LOCAL FAUNA FROM NORTH CENTRAL UTAH

Wade E. Miller^

Abstract.-- Presumed paludal and alluvial deposits in a small mountain basin in north central

Utah have yielded tlie first terrestrial Pleistocene fauna from the state. Twenty-five mammalian and
four nonniammalian species are present, most of which have not previously been reported as fossils

from Utah. At 6,400 feet the elevation of this site is much too high to have been part of the Lake
Bonneville deposition. Three mammals, Ovis, Syrnbos, and Bootheriuni, not existing in the present

fauna, have been identified in the northern part of the state. They probably did not reach this area

until later in the Pleistocene or else favored more rugged terrain. Previous reports of the Woolly
Mammoth. Mammuthus primigenius. from Utah are considered to be in error. M . columbi is probably
the represented species. A so-called giant bison. Bison ? latifrons. is represented in the fauna by rela-

tively numerous specimens. The variation in size of these elements strongly suggests that the size

range between the largest males and smallest females was much greater than previously assumed.
Most faunal constituents and current topography suggest that the Late Pleistocene habitat at

the fossil site was a marsh encircled by a brush-interrupted grassland. The rare remaining faunal
components were evidently part of a distant wooded community. A slightly moister but no colder

climate than the present one is postulated on the basis of the fauna.

Radiocarbon dating establishes a time for the Silver Creek local fauna in excess of 40,000 YBP.
The particular combination of extinct and extant species indicates a Late Sangamon to Early Wis-
consin age.

With the exception of some small fish the Bonneville Group. According to Bis-

faunas from Lake Bonneville sediments sell (1968:3), the maximum elevation of

(Smith et al. 1968), essentially only iso- Lake Bonneville was about 5,200 feet. At
lated vertebrates have previously been that time the present fossil site was 14
recorded from the Pleistocene of Utah. miles east of the eastern shoreline.

These include a few Oi'is skulls that Numerous Pleistocene vertebrate faunas
have been reported by Stokes and Condie have been described from the Great
(1961). This paper is the first report of Plains and West Coast, but relatively few
a relatively extensive vertebrate assem- have been described from the Rocky
blage of Pleistocene age from the state. Mountains and Basin and Range. The
Accordingly, many taxa here reported present faunal assemblage is considered

have not previously been identified as significant since it adds information about
fossils in Utah. The name Silver Creek Late Pleistocene vertebrate distribution for

local fauna has been applied because the 29 taxa in a Rocky Mountain location

fossil assemblage was discovered at Silver close to the Basin and Range.
Creek junction where Utah Highway 40 It was due to the generous offer of Mr.
joins Interstate Highway 80. James H. Madsen, Jr., of the University

The best known and most extensive of LTtah Department of Geology and Geo-
Pleistocene deposits in Utah are those of physics, that the Silver Creek local fauna
Lake Bonneville. However, surprisingly and existing data were made available to

few vertebrates have been found in them me. Permission for its study was kindly

to date. As the present fauna was recov- granted by Dr. William L. Stokes, past

ered at an altitude of 6.400 feet, the con- chairman of that university's Department
taining deposits are too high to belong to of Geology. Through the kindness of these

'Departments of T^ology and Geology, Brigham Young University, Provo. Utah 84602.
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two men a representative collection of the
Silver Creek local fauna will be kept at

Brigham Young University as well as at

the University of Utah. Mr. Allan .1.

Lewis, owner of the property from which
the Silver Creek local fauna was collected,

is greatly appreciated for his wisdom and
kindness in reporting the fossil deposit

and donating all specimens subsequently
recovered from" it to a responsible institu-

tion. Mr. Lewis also donated the services

of a backhoe and an operator to aid in

fossil recovery. Federal aid salvage funds
(Project Number L80-[23]144) were ad-

ministered through the Utah Department
of Highways in support of fossil excava-
tion.

Mr. James H. Madsen, Jr., directed the

removal of fossils from the Silver Creek
site and was assisted by Robert Bolland,
Michael Stokes, Brent Lordes, and Megan
Friedland, all students from the Univer-
sity of Utah. These and other students
helped prepare the fossils. A. Dean Stock,

graduate student in zoology from the Uni-
versity of Utah, made tentative identifica-

tions of some of the small mammals
at the time of excavation. Additional
preparation of the specimens was done
by Mrs. Sharen Campbell of Brigham
Young University. The index map was
drawn by Mr. Artie Lee and the illustra-

tions were made by Mr. Howard Brown,
Miss Wendy Babel, and Miss Lorna Raty,
all of Brigham Young University.

Gratitude is also expressed to Dr. David
P. Whistler and Dr. Donald R. Patten of

the Natural History Museum of Los
Angeles County, Dr. John A. White of

Idaho State University, Dr. Donald V.
Hague of the Natural History Museum
of Utah, and Dr. Wilmer W. Tanner of

the Life Science Museum of Brigham
Young University for making compara-
tive specimens available.

of most living mammalian species listed

in this study were essentially the same as

those that they currently occupy.

Points of measurement used for bison

in the included tables are the same as

those illustrated in Miller (1971:60-72).
Measurements of Bison antiquus ele-

ments used in the present tables are from
the largest males in the Rancho La Brea
fauna from the Natural History Museum
of Los Angeles County. Most of the com-
parative specimens of fossil species used
were also from this fauna. Additional
comparative material of extinct species

used was from the collections at Idaho
State University. Recent specimens from
the collections at Brigham Young Uni-
versity, the University of Utah, and the

Natural History Museum of Los Angeles
County were used in comparison with
the species found at Silver Creek that

have living representatives.

Dental nomenclature applied in this re-

port is generally from the follovsdng

sources: Bryant (1945), Hibbard (1959),
Peyer (1968), Skinner (1942\ and Stir-

ton (1959).

Abbreviations and Symbols Used

BYU Brigham Young University

BYUO—Brigham Young University osteological

collection

LACM—Natural History Museum of Los Angeles
County

IJUVP—University of Utah vertebrate paleon-

tology collection

Y Rancho La Brea specimens from the Natural
History Museum of Los Angeles County

YBP- Years before present
cf. Compares with (appears before a taxon when

an identification was based on limited material)

( ) Approximate measurement
#

—

A. taxon not previously reported as a fossil

from Utah

H An extinct genus
* - -An extinct species

Methods of Stttdy

In general the mammalian classifica-

tion used in this pape^r follows Simpson
(1945). Unless othei-wise itidicatcd. in-

formation relating to animal habitats con-
tained herein are from the following
sources: Burt and Crossenheider (1964),
Durrant (1952), Hall and Kelson (1959),
Peterson (1951), Stebbins (1966), Walker
(1964), and from personal observations. It

is assumed that Late Pleistocene habitats

Description of Locality and Fauna

Location. Settino, and Discovery:
The Silver Creek local fainia ccnnes from
a very restricted area iinnKMliately north-
west of th(> junction of LTtah Highway 40
and Interstate Highway 80 (Fig. 1). This
site is approximately five miles north of

Park City and 20 miles east of Salt Lake
C\\\ in Summit Comity, Utah. It is situ-

ated in the north central })art of a small
hasin lo( al<^(i just east of the crest of the
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Fig. 1. Index map showing the location of the site from which the Silver Creek local fauna was

obtained.
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Wasatch Range. The basiri itself is about

seven miles long and five miles wide. The
Silver Creek site is a small bowl-like

depression within this basin.

Most of the basin is grass-covered, al-

though some of it is broken by sagebrush
and other shrubs (Fig. 2). Few trees are

present. However, the flanks of the basin

that merge into the surrounding moun-
tains sustain stands of scrub oak and as-

pens. Occasional conifers are also present.

With increasing elevations the bordering
mountains become more densely forested.

The highest elevations occur along the

western border, with a maximum slightly

in excess of 9,000 feet. The basin is cur-

rently used primaril}" for grazing live-

stock, but some homes and cabins are

beginning to appear.

In the immediate area of the fossil site

the water table is quite high; seasonally

a ver}' small marsh is often formed. Mr.
Allan J. Lewis, owner of the property,

had a ditch excavated in 1963 in an at-

tempt to lower the water table. During
that excavation a mammoth tooth was
found, which led to the discovery of the

Silver Creek local fauna.

General Geology: The Wasatch
Range, in which the present fossil site is

located, constitutes a portion of the Rocky
Mountains. This range is mostly composed
of Paleozoic and Mesozoic sedimentary
rocks that were uplifted by block

faulting from mid-Tertiary time to the
present fBissell 1964:26-28; Gilbert

1928:^8-40; TTunt et al. 1953:38). Un-
fortunately, no detailed report has been
published on the geology of the basinal

area where the Silver Creek site is located.

What information is available comes from
a geologic may) compiled by Bromfield
and Crittenden n971). They niajiped

most of the basin's surface as older Qua-
ternary alluvium that was interpreted

as mainly terrace deposits that foniied

adjacent tf) larger drainages. Along the

eastern, southern, and western parts of

the basin and adjoining flanks fthe north-

ern section has not been ma])ped). Ter-
tiary volcanics are exposed. These are

mapped as Early Oligoceue Keetley vol-

canics and are said to be riiyodacitic to

andesitic volcanic breccia. The ])oorly

sorted sands and gravels and (lav from
which the fossils were taken ( mapped as

older Quaternar^ allu\ intii i were clear-h-

derived from tli(>s(' \()l(ani('>. TIh> sands

and gravels were probably laid down at

the fossil site as intermittent flood deposits

in a marshy area where finer sediments
continually accrued. As the lithology did

not appreciably change through a maxi-
mum excavative depth of 20 feet, the

total thickness of these deposits is un-
known.

Method of Fossil Recovery and Con-
dition OF Fossils: After the initial fossil

discovery a series of 18, 2()-inch holes were
drilled 75 to 175 feet apart by a truck-

mounted auger. All were between eight

and 15 feet in depth. This was done in an
attempt to locate additional fossil deposits.

Two other fossiliferous deposits were
found, only one of which was excavated.

The one excavated began about 400 feet to

the east of the original site. It was by far

the most productive of the two. Excava-
tions were made both by hand and by ma-
chine (backhoe and dragline). Since the

fossils were generally quite soft due to

their wet condition, special care had to be
taken in their removal. All the fossils

came from sands and gravels below the

water table. This necessitated the almost
constant usage of a pump to eliminate ac-

cumulating water. Where feasible, this

water was used in hydraulicing the sedi-

ments to facilitate fossil recovery. Small
vertebrates were retrieved by screen
washing.

Despite their originally soft condition,

the bones did not show any appreciable
distortion. After drying, they were hard
and resistant and in a good state of pres-

ervation. Only a few fossils exhibited

noticeable abrasion. No articulated bones
were found, but some skeletal elements
were associated. According to James
Madsen (personal connnunication. 1975"),

an attempt was made to collect all the

fossils ]ir(>s(Mit in the two adjat ent deposits.

Systematic Paleontology
Class Amphibia
Order Anura

F'anli]^ Ranioai:

Eajui cf. pij)it'tis 'Schvvhor. 1782

.'XmiNDANc^i:: Mininunn innnl)er of 115
iiidi\iduals based on humeri. Co]mus bones
I'epresenting all ske]<>fal (>l(MH(Mits are ])res-

enl ill the fauna.

IImiii \r: Th(^ leopard frog is currently
the most ^videl^• disti-jhntf^d amphibian
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in North America, occupying almost any
area where there is permanent fresh (or

even brackish) water.

Discussion: By far the most numerous
vertebrate in the Silver Creek local fauna
is the frog. In comparison with genera
and species of frogs from western North
America, the present form most closely

resembles Rana pipiens. Unfortunately,

only a limited, number of Recent skele-

tons were available for comparison. Con-
sidering the large number of frog bones

in the fauna, a more detailed study of

this taxon should be made when sufficient

comparative material is at hand.
Only two species in the family Ranidae,

Rana clamitans and R. pipiens, are cur-

rently recognized as being indigenous to

Utah. To my knowledge, no fossil frogs

have yet been reported from this state.

Class AvEs
Order Anseriformes
Family Anatidae

Anas platyrhynchos Linnaeus, 1758

Abundance: Minimum number of

three individuals based on the left cora-

coid. Total number of elements five, in-

cluding three coracoids (UUVP 7252,

7253, 7328) and a complete (UUVP
7254) and an incomplete (UUVP 7325)
carpometacarpus.

Habitat: Mallards usually frequent

lakes, marshes, and ponds.

Discttssion: No differences were de-

tected between any of the bones listed

above and the corresponding elements of

Recent Anas platyrhynchos. According to

Kortright (1943:152), the mallard is prob-

ably the most abundant species of duck.

It is very common in most parts of Utah
today.

Anas ? carolinrnsis Gmelin, 1789

Abundance: One indiA'idual based on
a right coracoid fUUVP 7327).

Habitat: The grefMi-wingod teal has a

iiabitat very similar to the mallard.

Discussion: 7^he adidt coracoid idenii

fied as Anas ? carolinrnsis i~Ncttion caro-

linrnsis) is considerably smaller than that

of anv observed A. platyrhynchos. Its si/e

and conformation, though, are quite simi-

lar to the iTiodern green-winced teal lliat

presentlv inhabits TTtah. This is the

.smallest f)f th(> North American ducks.

Unfortunately, adequate comparative ma-
terials were not available for study.

Order Galliformes
Family Tetraonidae

cf. Crntrocercus (Bonaparte, 1827)

Abundance: Minimum number of one
individual based on an incomplete humer-
ous (UUVP 7323) and an incomplete
ulna (UUVP 7251).

Habitat: The sage hen occupies sage-

brush plains in western North America.

Discussion: Only two incomplete speci-

mens are present that represent the sage

hen; they cannot be distinguished from
the living Crntrocercus. This genus as

currently recognized is monotypic, C.

urophasianus being the single recognized

species.

Class Mammalia
Order Insectivora
Family Soricidae

Sorex palustris Richardson, 1828

Abundance: Minimum number of six

individuals based on the left jaw. Total
number of elements 11, including a first

upper incisor (UUVP 7333), a lower in-

cisor (UUVP 7335), six incomplete left

iaws (UUVP 7329, 7330, 7334, 7337,

7339, 7340), and three incomplete right

jaws (UUVP 7331, 7332, 7338).

Habitat: Borders of streams, marshes,
and ponds in meadows and woods are the

preferred physical environments of the

nortbern water shrew. This shrew is con-

fined to mountains and mountain valleys

in the southern part of its present range.

Discussion: Sorex is the ordy living

insectivore known in Utah. Recognition

of current species of this shrew and their

geographic ranges apparently has not been
agreed uj)on for the state of TTtah. Dur-
rant (1952) recognized four species:

Sorex mrrriann\ S. ohscuriis. S. raf^rans,

and lS". pahtstris. Hall and Kelson (1959)
regarded .9. ohscurus as a subspecies of

.9. ra^rtfus but id(Mitified >.9. cinrr(-us and
S. nanus from TTtah. Durrant and Tee
(1955:560") captured a single specimen of

^S". nanus in the southwestern corner of

tile state. Burt and Grossenheider (1964)
retained >.9. ohscurus and S. vap,rans as

separate species but otherwise recognized

tlie same species a^ Sorer from TTtah as did
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Hall and Kelson. Based on dentary and
dental characteristics of available speci-

mens for the present study, Sorex ohscur-

us could not be separated from S. vagrans.

Durrant (1952:31) and Durrant and Lee
(1955:560) stated that S. merriami is only
known from the southern part of Utah,
but Hall and Kelson (1959:47) and Burt
and Grossenheider (1964:7) indicated it

occurs throughout the state.

Numerous Recent specimens of all the

above species were studied and compared
to the fossil shrew from Silver Creek. Most
of the character distinctions observed in

the species of Sorex were found to be gra-

dational rather than to be simply present

or absent. Although size is one of these

variable character distinctions, only S. pa-

lustris of the specimens seen is as large as

the Silver Creek shrew. According to Dur-
rant (1952:36), the northern water shrew
is the largest insectivore in Utah. All Re-

cent dentitions are distinctly pigmented.
About half the fossil teeth show marked
pigmentation; in the remainder it is in-

distinct or absent. The only upper in-

cisor in the present fossil deposit differs

from that of all species except S. palustris

by its larger size and relatively greater

separation between the anterior and pos-

terior cusp. This separation is not so pro-

nounced in all specimens of S. palustris,

however. In Sorex cinereus, S. merriami.
and S. nanus the metaconid of the lower
molars, especially Mi, is curved posterior-

ly. This curvature is either very slight

or else is absent in S. vagrans, S. palustris,

and the fossil shrew. The fossil shrew
(based on six specimens) does not have as

distinct a medial notch in the condyloid
process as is present in 5. vagrans. S.

cinereus, and 5. nanus. S. merriami and
S. palustris, though, usuallv do not have
as distinct a notch as do the above species

and thus closely resemble the Silver Creek
shrew in this character. McMullen (1975:

319) stated that the hypoconid joins the

trigonid closer to the protoconid than to

the metaconid in M-s of Sorex palustris.

However, in the 12 specimens of this

species seen from Utah, the anterior ridge

of the hypoconid extends to the metaconid
in 10 indi\"iduals and to a point midway
between the metaconid and protoconid in

two. (In distingviishing the protoconid

from the metaconid at their confluent

bases. I projected a line straight down
from the apex of the valley formed by

these cuspids.) In the Mi of the above-

mentioned 12 specimens, the hypoconid
always joins the j^rotoconid via the an-

terior ridge; in the M:; the connection is to

the ])rotoconid in seven instances and to

a point midway between the protoconid

and metaconid in the remaining five. Of
the Sorex species studied, only S. palustris

and the Silver Creek shrew evinced an

Mi in which the hy])oconid joins the meta-

conid rather than the protoconid. Also, this

(onnection in M^ was closer to the mid-
point of the protoconid and metaconid in

S. palustris and the fossil than in the other

species seen.

Morphologically, the shrew from Silver

Creek could not be distinguished from
Sorex palustris, which presently inhabits

the area.

Order Edent.'\t.\

Family Mylodontidae

Paramylodon cf. harlani (Owen, 1840)

Abundance: Minimum number of one
individual. Total number of elements,

three, including two lower cheek teeth

(UUVP 7248, 7249) and a partial thor-

acic vertebra (UUVP 7250).

Habitat: Stock (1925:27; 1963:51) and
Hibbard and Taylor (1960:163) stated

that Paramylodon occupied grassland

areas throughout its range. It is probable,

though, that significant amounts of brush

grew in regions inhabited by this genus.

Discussion: Although the partial thor-

acic vertebra cannot be ascribed to

Paramylodon with certainty, the two
lower cheek teeth can. The anterior moi-

ety of the bilobed fourth tooth (PM,) is

missing but the second cheek tooth (?Mi)
is complete. Both teeth are parallel-sided,

thus indicative of an adult or nearlv adult

individual (Miller 1971:10). The size and
configuration of these teeth fall within

the variabilit^' of P. harlani from Rancho
La Brea. (Previously, 1971:9-10, I com-
mented on the extreme variability of this

genus.)

Nothrotherium and Megalonyx. two
genera of ground sloths that occur in

Bancholabrean Age deposits of North
America, differ in many respects from
Paramylodon. Smaller size and rectan-

gular rather than lobate cheek teeth are

two characters that can be used to readily

distinguish them from the Silver Creek
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specimens. Eremotherium, which has not

been reported in western North America,
is distinctly larger than Paramylodon. It,

too, has rectangular cheek teeth, which
are strongly bilophed.

Because of the great variability in skele-

tal elements of Paramylodon, several

genera have been named that are most
likely synonymous with it (Stock 1925:

120). A number of species have also been
introduced. However, I think that the pro-

nounced variability and considerable

overlap of skeletal characters- warrants
recognition of only a single genus and
species, Paramylodon harlani. This view
has also been advocated by others (e.g.,

Lull 1915; Lundelius 1972). Accordingly,

the Silver Creek specimens are referred

to P. harlani.

Order Lagomorpha
Family Leporidae

Sylvilagus cf. idahoensis (Merriam, 1891)

Abundance: Minimum number of one
individual. Total number of specimens
five, including three upper molariform
teeth (UUVP 7439, 7520, 7622), a proxi-

mal end of a femur (UUVP 7417), and
the distal half of a tibia (UUVP 7412)

.

Habitat: The pygmy rabbit is present-

ly known only from areas where sage-

brush, preferably tall, abounds.

Discussion: Sylvilagus idahoensis is the

smallest of living North American rabbits.

According to Burt and Grossenheider

(1964:223), it can be distinguished from
all other extant rabbits by size alone.

Ochotonids (pikas) are comparable in size

but differ in a number of morphological
respects. Their upper molariform teeth,

for example, are rectangular rather than
nearly ovate as seen in S. idahornsis.

Ochotonids show much more [)ronounced

enamel lophs on the occlusal surface of

their molars and do not have nearly so

extensive a medial reentrant as is found in

Sylvilagus. Also, this reentrant lacks ce-

ment in pikas, whereas in cottontails it is

filled with cement.

An extinct dwarf species of rabbit,

comparable in size to S. idahornsis, was
described by Gushing (1945:183) from
San .Tosecito Gave in Nuevo T>eon, Mexico.
He stated that the s[)ccies .9. Irnncnsis dif-

fered from S. idahoensis in several re-

spects. The only difference tliat (an be

applied to the Silver Greek teeth (other

differences apply to the skull or lower
teeth) is the enamel pattern of the exter-

nal reentrant. According to Gushing it is

crenulated in S. leonensis. No crenula-
tions were observed here in the present
fossils or in any of several Recent S.

idahoensis specimens examined.

The Silver Greek teeth fit well within
the size range noted for modern specimens
of S. idahoensis. Their lingual reentrants

extend labially about two-thirds the trans-

verse width of each tooth and are ce-

ment-filled. The anterior edge of the in-

ternal enamel reentrant in each is slight-

ly crenulated, while the posterior edge is

not. These conditions were typical of ob-

served Recent pygmy rabbits. Both the

incomplete femur and tibia are adult in

stage and conform well in size and con-

figuration with S. idahoensis living in

Utah today. In a map Durrant (1952:89)
indicated the current range of Sylvilagus

idahoensis falls outside the present fossil

site. The closest proximity was shown as

being about 50 to 60 miles to the west.

Evidently this species had at least a

slightly more eastern extent to its range
in the past.

Lepus cf. toumsendii Bachman. 1839

Abtinoance: Minimum number of one
indi\adual. Total number of specimens
nine, including a P, (UUVP 7343), a

lower molariform tooth (UUVP 7342),
three upper molariform teeth (UUVP
7344-7346), the distal end of a himierus
(UUVP 7414), a proximal fenuir frag-

ment (UUVP 7416), a calcaneum
(TTUVP 7415), and a metatarsal (UUVP
7413).

Habitat: The white-tailed jackrabbit

is found in open grassy or sagebrush
plains at elevations over 5,000 feet in

Utah.
Discussion: A second leporid, much

larger than Sylvilanus idahoensis. is pres-

ent in tlio Silver Greek local fauna. The
configuration of its P. reentrant is similar
to T.epus and different from Sylvilagus.

Although there is an aiipi-eciable size over-

lap between some species of these two
trenera (S. aquatirus. for examyile, is

larger flian f,. anieriranu.'i) . all the pres-

ent fossils are larger than any si)ecimens

or illustrations seen of S)lvilai>:us species.

Til I is ilic Silver Greek T.epus is distinctly
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larger than L. americanus. It does corre-

spond in size, though, with both L. cali-

fornicus and L. townsendii . All three of

these Lepus species now inhabit Utah.

Hibbard (1952:11) said that the

posterior labial reentrant of P.i is crenu-

lated in L. californicus but not in L.

townsendii. I observed this to be true in

most, but not all, instances, as two speci-

mens of the black-tailed jackrabbit seen

had no distinct crenulations. The Pi in

the present fauna has no crenulations on
the posterior labial reeetrant. This tooth,

as well as the other teeth in the fauna,

could not be discriminated from T.. town-
sendii. All the postcranial bones belonged

to an individual (or individuals) that was
very large. Hall and Kelson (1959) re-

ported that L. townsendii slightly ex-

ceeds L. californicus in size. Currently

the eastern geographic limit of the black-

tailed jackrabbit is about 20 miles west

of the Silver Creek site, while the white-

tailed rabbit is common in this area.

Order Rodenti.^
Family Sciuridae

Spermophilus cf. armatus
(Kennicott, 1863)

Abund.-^nce: Minimum number of

four individuals based on the left upper
third molar and left upper third pre-

molar. Total number of elements 40,

including an incomplete left jaw (UUVP
7350), nine incisors (UUVP 7514, 7891,

7929, 7931, 7938, 7956, 7967, 7982, 7986),
29 cheek teeth (UUVP 7459-7464, 7483-

7486, 7488-7491, 7493-7495, 7498. 7499.

7503, 7530, 7650, 7670, 7761. 7877,

7892, 7895, 7896, 7908), and the distal

end of a humerus (UUVP 7348).

H.'\bitat: The Uinta ground squirrel

presently inhabits central and northern
Utah in and adjacent to mountainous
areas. This species is frequently found
in pasture lands in high valleys and in

mountain meadows up to the timber line.

A moist location near a body of water
seems to be preferred.

Discussion: Several sjiecies of ground
squirrels now live in Utah. The present

fossils were compared with numerous
specimens of each. Based primarily on the

jaw, which has a complete dentition but

lacks the ascending ramus and angle, the

Silver Creek ground squirrel is discern-

ably larger than Spermophilus leucurus

{ Amniospertnophilus leucurus), S. spil-

osonia, S. townsendii, and S. tridecem-

lineatus. It is slightly larger than S. later-

alis. The fossil Ma is much longer antero-

{X)sleriorly than the M^., while in 5. later-

alis M., exceeds M.j but little in length. Al-

so, the P| of the Silver Creek form is

nearly quadrate; in S. lateralis it is trape-

zoidal, as the distance between the pro-

toconid and metaconid is distinctly less

than that between the hypoconid and en-

toconid.

Only one ground squirrel currently oc-

curring in Utah, Spermophilus variegatus,

is larger than the present fossil. This
species further differs by possessing a

narrower reentrant between the protoco-

nid and hypoconid in the lower cheek
teeth and an M; that is just a little longer
anteroposteriorly than the M^. S. colum-
bianus is also larger than the Silver Creek
ground squirrel, but its southern range
terminates in southern Idaho.

The three remaining Utah ground
squirrels are Spermophilus armatus, S.

heldingi. and S. richardsonii. According
to Durrant (1952), these three species

superficially resemble each other. Based
on my observations of their dentitions,

these species are probablv very closely re-

lated: Hall and Kelson (1959) placed

them in the same subgenus. Although
their sizes overlap considerably, the skull

and jaws of S. armatus average larger

than both S. heldingi and S. richardsonii.

The average fossil size fits more closely

with that of S. armatus. Of the dental

characters, the greatest distinction seems
to be a relatively larger M, talonid in S.

arma/us and the present fossil. The only
other difference observed of possible sig-

nificance is the configuration of the P,
anterior to the protolophid. In 5'. armatus
an anterior reentrant-like structure is in

evidence, while in the Silver Creek speci-

men a distinct lake occurs. If the enamel
ridge running anteromedially from the
protoconid was higher, then a lake similar

to that in the fossil P, would be formed
(wear stages being equivalent). Unfor-
tunately only one P, of the fossil ground
squirrel is known.
At present Spermophilus armatus in-

habits the area of the Silver Creek site.

S. richardsonii is known in Utah only
along the northeastern borders and S. hel-

dingi from the northwestern corner.
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Eutamias minimus (Bachman, 1839)

Abundance: One individual based on
a right lower first molar (UUVP 7888).

Habitat: Eutamias minimus, the least

chipmunk, is known from diverse habi-

tats ranging from low sagebrush deserts

to high mountain forests.

Discussion: Five species of chipmunks
are currently known in Utah: Eutamias
dorsalis. E. quadrivittatus, E. umbrinus,
E. amoenus. and E. minimus. Only mi-

nor, albeit significant, differences were
noted in the MiS of these species. The
first two named chipmunks averaged
slightly larger than the latter three. How-
ever, none of the MiS showed much size

difference. The mesoconid is somewhat
variable, but certain distinctions do occur

among the species. It usually appears as

an isolated structure of moderate size in

Eutamias dorsalis. It is also of moderate
size in E. minimus and the fossil tooth

but in these it is part of an ectolophid.

Based upon a limited number of speci-

mens (eight), E. amoenus has a relatively

large mesoconid that essentially fills the

depression between the protoconid and
hypoconid. There is a subdued ectolophid.

Lower first molars of E. quadrivittatus

and E. umhrinus commonly do not have
a distinct mesoconid. This cuspid usually

appears as part of a fairly distinct ecto-

lophid. A small but distinct protolophid

is visible on many MiS of E. minimus
and on the fossil M,. Except for an inci])-

ient protolophid on one specimen of E.

dorsalis, none of the other comparative
teeth evinced this structure. The Silver

Creek Eutamias compared favorably only

to E. minimus in all of the above charac-

ters. This species occurs now throughout
most of Utah.

Famih- Geomyidae

Thomomys talpoidcs (Richardson, 1828)

Abundance: Minimum nnmb(M- of

throe indiA-iduals evidenced by the riglit

lower first and second molars. Total

number of elements 13, including an in

complete right jaw with dentition

(UUVP 7448), three incisors (UUVP
7629, 7884, 7927), two lower premolars

(UUVP 7'^79, 7673), an upi)er molar
(UUVP 7910). and six lower molars

(UUVP 7^A^. 7'^2^, 76'52, 7i^C^^. 7(\C^(^,

7900).

Habitat: The northern {)ocket gopher
is typically found in montane meadows
throughout its geographic range. It is also

found, though, in grassy prairies, brushy
areas, and open forests.

Discussion: Only one genus and two
species of gopher are known at this time
from Utah: Thomomys talpoides and T.

hottac. Typically T. talpoides inhabits

the mountains and high valleys while T.

hottae usually inhabits lower valleys and
the lower mountains of the Basin and
Range Province of Utah. Thomomys tal-

poides is presently common in the area

of the Silver Creek site while T. hottae

has an eastern limit in northern Utah
about 20 miles to the west.

The size range of these two species of

pocket gophers greatly overlaps, although

T. hottae averages somewhat larger. In a

comparison of many individuals of many
subspecies of T. talpoides and T. hottae, it

was found that two dental characters of

the lower cheek teeth apparently serve

to separate them. Almost always the P,

trigonid of T. hottae is bilaterally sym-
metrical while that of T. talpoides is not.

And M, and M^. in T. hottae have pro-

nounced labial sulci, while these molars
in 7'. talpoides usually do not. The fossil

gopher's size, asymmetrical P, trigonid,

and lack of labial sulci in M, and M^, fall

well within the range of variation of T.

talpoides.

One P, from the Silver Creek fauna
(UUVP 767'^) evidently represents a very
young individual as indicated by an an-

terior embaymen t of the trigonid and
very wide isthnuis that joins the tri-

gonid and talonid. It was observed that

\ery young 7'. talpoides individuals

(nanced similar characters in the P,, but
juveniles of T. hottae did not. In the lat-

ter species one innnature individual's P.,

had not yet reached the occlusal jilane of

the molars. NeA ertheless, the isthmus was
very narrow as in adult forms (adult

specinifMis of both 7'. hottae and T. tal-

poides \\A\v .1 nari-()\v isthmus ioutum ting

the I'l tiMLioiiid to tlu" laloin'd) .

i^'amih' (^iuci-.iidai".

Peromyscus rti(nii( uhitus (Wagner, 1845)

AiJUNDANCi.: Mininnun number of two
individuals based on th(> left lower first

innl.ii-. Total tiiiinh(>r of (>l(Mnents five.
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including a left jaw (UlTVP 7440), a

left lower first and second molar (UUVP
7441, 7443), a right lower first molar
(UUVP 7336), and a right upper first

molar (UUVP 7442).
Habitat: The deer mouse, which is

ubiquitous in most of North America, oc-

cupies a wide variety of habitats. Pero-

myscus maniculatus rufinis is the sub-

species that presently occurs in the Silver

Creek area. It is the dominant form in

Utah's mountainous regions.

Discussion: Of the few species of Pero-
myscus that now inhabit Utah, only two,
P. boylii and P. maniculatus, have geo-

graphic ranges that include the site of the

present fossil favnia. Additional species

from Utah that wore used in comparison
with the Silver Creek Pcroniyscus include
P. eremicus, P. crinitus, and P. truei.

Seventy-five specimens of Pcromyscus
were used in the identification of the Sil-

ver Creek deer mouse, with a minimum
of 10 representing a species. The above
five species are quite variable in most of

their dental characters, and differences be-

tween them are slight. However, the

dental characters of the fossil Perornys-
cus only completelv coincide with those

of P. maniculatus.
Just P. crinitus and P. maniculatus

from Utah are as small as the fossil speci-

mens, all other species being noticeably

larger. The stage of M; reduction is about
the same for these two species and for

P. eremicus. In P. boylii and P. truei,

this tooth is almost always relatively less

reduced. The anterointernal reentrant is

usually more pronounced and the antero-
conid smaller in M,s of P. maniculatus
and the fossil than in the other species

for a similar stage of wear. P. manicu-
latus and the present fossil are unique
in possessing an anteroconule that is

loined to the anterocone bv a distinct

loph Tanteroloph) in M\ This loph ex-

tends labially. Although an anteroconule
occurs in all other observed species, it is

never as frequent nor is there ever a dis-

tinct anteroloph (P. hoylii has an in-

distinct anteroloph. though, that extends
posteriorlv from the labial mart^in of the
anterocone to the anteroconule). P. crini-

tus specimens have the lowest frequencv
of anteroroTudes (4 of 16) and P. manicu-
latus the highest (25 of 25).

Considering the high degree of varia-

tion noted in species of Pcromyscus. ex-

treme care should be exercised before
naming new fossil species. Characters
cited in the literature for recognition of

new species from the Late Pleistocene

were seen in extant taxa.

Ondatra sj). Link, 1795

Abitn DANCE: Minimum number of

eight individuals based on the right lower
first molar. Total number of elements 81,

including 13 incomplete jaws and jaw
fragments (UUVP 7355-7367), 46 iso-

lated teeth and tooth fragments (UUVP
7355, 7368-7407, 7763, 7926, 7928, 7934,
7890, 7763), two vertebrae (UUVP
7418, 7434), four incomplete humeri
(UUVP 7423, 7427, 7432, 7437), two in-

complete ulnae (UUVP 7430, 7431), four

metapodials (UUVP 7424, 7425, 7433,
7438), five incomplete femora (UUVP
7419, 7422, 7425, 7426, 7435), and five

incomplete tibiofibulae fUUVP 7420,
7421, 7428, 7429, 7436).

Habitat: The living muskrat, which is

monotypic, occupies marshes, ponds,
lakes, and streams throughout most of

North America.

Discussion: Although Semken (1966)
and Nelson and Semken (1970) helped
clarify some of the taxonomic problems
relating to fossil muskrats, several prob-
lems regarding valid species apparentlv
still exist. Hollister (1911) named two
new species of Ondatra, O. nehrascensis

and O. oregonus. His first-named species

has been recognized in several local

faunas but the second, O. oregonus. has
not. The latter species has been briefly

mentioned in several papers discussing

fossil nuiskrats, but it has not been
seriouslv considered in detailed compari-
sons. O. hiatidens. named by TTibbard

(1947) to include the synonymons forms
Arricola hiatidens. Anaptogonia hiatidens,

and Syciurn cloacinum. and later elabo-

rated upon (1955a), seems to have suf-

fered a similar fate. In 1960. Stephens
s^'nonymi7.ed Ondatra triradicatus with
the living species, O. zihethicus. vSemken
('1966:154) mentioned this synonymy,
but by inference in his scatter diagram
(Fig. 4. p. 154) listed O. triradicatus

from the Berends local fauna of Oklahoma
as O. nehrascensis. Stephens (1960:1695)
and Semken (1966:153) both considered
O. kansasensis a svnon\Tn of O. annectens.



398 GREAT BASIN NATURALIST Vol. 36, No. 4

.^':

B C D

E G
m

H

K

Fig. 3. Ondatra sp., left M:S: A. UUVP 7360; B, UUVP 7356; C, UUVP 7358; D, UUVP 7363;

E, UUVP 7364; F, UUVP 7385. Right M,s, G, UUVP 7357; H, UUVP 7359; I, UUVP 7365; J,

UUVP 7381; K, UUVP 7382; L, UUVP 7389. All occlusal views. Line in lower right-hand corner
represents 5 mm.

However, not everyone recognizes this

synonymy.

Based on measurements given in the Ht-

erature, Ondatra hiatidens, O. annectens
( =0. kansasensis) , and O. idahoensis are

much smaller than the present fossil

muskrat. Also, O. idahoensis purportedly
has but five alternating triangles on first

lower molars; the present specimens have
seven (Fig. 3). O. oregonus. according to

Hollister (1911:33), is only a little larger

than O. annectens^ and therefore smaller
than the Silver Creek Ondatra. The an-

teroposterior length of the M, from the

type specimen is 6.0 mm and the com-
bined length of M, and Mv is 9.0 mm.
The average length of Mi for the Silver

Creek muskrat (11 specimens) is 6.9 mm
and the average combined length of six

M,s and MjS included in jaws is 10.8 mm.
Stephens (1960:1693) considered O. nc-

brascensis a synonym of O. zibcthiciis,

but Semken (1966:153) recognized it as

a distinct species, mainly due to its

smaller size. According to Semken's
(1966:154) and Hollister's (1911:32)
measurements, O. nehrasccnsis averages
smaller than the Silver Creek species al-

though there is size overlaj). Measure-
ments of the uyi[)er and lower molars of

the latter are shown in liable 1. All Re-

cent O. zibethicus skulls and jaws ob-

served (25 specimens) show distinctly

larger teeth than the present fossil musk-
rat. However, in Semken's figiu^e (1966:

154) a few Recent and some fossil O. zi-

bethicus do match it in size. Several char-

acters in the Silver Creek specimens other

than size seem to separate them from mod-
ern species (Fig. 4). In the few specimens

where it is preserved, the angular process

(MWM^

Fig. t. Ondatra sp.. loft i.ivv with M.-M,,
UUVP 7360: A. occlusal view of dentition; B,

itit(Mtuil view of jaw. Line beneath figure repre-

sents 5 nun.
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Fig. 5. Ondatra sp., anterior view of right

femur, UUVP 7426. Line beneath figure repre-

sents 5 mm.

of the jaw is much smaller and less dis-

tinct than in Recent forms. The labial

dentinal tracts on Mi are quite high, but

not as high as those observed on Recent
O. zibethiciis first molars. On one im-

mature Ml (UUVP 7385) the dentine

tract is within 0.5 mm of the occlusal

surface on the labial side of the posterior

loop. Recent O. zibethicus specimens
showing a similar wear stage already have
the labial portion of the posterior loop in-

terrupted.

Many postcranial skeletons of modern
O. zibethicus were seen, and com])arable

elements from Silver Creek differ from
them. The two ulnae, for example, have
deeper medial sulci running dorsoventral-

ly, posterior to the sigmoid notch. In the

fossil femora (Fig. 5) the third trochanter

is much more dorsoventrally elongate,

broadly joining the greater trochanter

rather than being distinct from it or nar-

rowly joining it as in modern forms.

The tibiofibula (Fig. 6) in the two fossil

specimens, where it is preserved distally.

is of special interest. Although the two
specimens represent adults, the tibia and
fibula are not fused at their distalmost

ends. No observed Recent adult specimens
exliibited this degree of separation. In

Fig. 6. Ondatra sp., right tibiofibula, UUVP
7420: A. anterior view: B, distal view. Line
beneath figure represents 5 mm.

them, the two bones were usually well

fused distally. Only one specimen,

a subadult, showed a line of separation

between these bones. It is possible that the

Silver Creek muskrat had not reached the

evolutionary stage of develoj)ment of the

modern muskrat in the distal fusion of

the tibia and fibula.

A number of characters given as diag-

nostic for species of Ondatra were found
significantly variable in the specimens

from Silver Creek (e.g., amount of cement
on molars, shape of M, anterior loop,

constriction of dentine in alternating tri-

angles of teeth, root development). For
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this reason no species name has been as-

signed. On dental characters alone, the

present species seems most closely related

to O. zibethicus. However, some post-

cranial elements apparently preclude as-

signment to that species.

Phenacomys intermedius Merriam, 1889

Abundance: Minimum number of two
individuals based on the lower right

second molar. Total number of elements

four, including two upper (UUVP 7525,

7658) and two lower (UUVP 7479,

7894) molars.

Habitat: The mountain jihenacomys

is known to dwell in different habitats.

These include evergreen forests, open
grassy areas near mountain tops, and
rocky slopes in wet or dry areas.

Discussion: The four teeth from Silver

Creek show a great similarity to Microtus
montanus in size and dental configuration,

suggesting a close relationship between
Microtus and Phenacomys. Supposedly,

Phenacomys is the only microtine in Utah
with inner reentrant angles much deeper

than outer ones in lower molars (Dur-

rant 1952:360). Regardless, neither the

fossil Phenacomys nor Recent ones ex-

amined show a pronounced difference

in this respect. Other characters were
noted, though, that do allow separation

of the two genera. For example, no Mi-
crotus molars observed, fossil or living,

have roots, while each of the four fossil

teeth and all adidt Recent Phenacomys
specimens seen do. Cement is jironounced

in the reentrant angles of all Microtus
molars studied, but none is present in

Phenacomys (fossil and Recent) . The
outer triangles in the Mj of the latter

genus are decidedly smaller than those

of the former. Also, this tooth (M..) is

more strongly curved (labial concavity)

in Microtus.

Phenacomys intenrwdius intermedius
is the only mountain j)henacomys that

occurs in Utah. It is known just from the

northern part of the state, which includes

the Silver Creek site. No differences could

be found between the fossil and living

forms.

Microtus montanus (Peale, 1848)

Abundance: Mininnim number of 26
individuals based on the right lower first

molar. Total number of elements in ex-

cess of 200, includng two incomplete pal-

ates (UUVP 7644, 7645), 11 incomplete
lower jaws (UUVP 7449, 7456, 7457,

7911-7917, 7921), and numerous isolated

teeth.

Habitat: A moist area near a body of

water in mountains or high valleys is the

primary habitat of the mountain vole.

Discussion: Several species of Microtus
occur in northern Utah at the present

time, M. pennsylvanicus, M. richardsoni,

M. lonpicaudus. and M. montanus.
Another, M. ochrogaster, has a range that

extends westward into western Wyoming
and is thereby in close proximity. The
fossil vole was compared with numerous
specimens of all the above species. Also,

data used in an earlier study of Microtus,

in which more than 150 specimens were
studied (Miller 1971:16), were reviewed.

Microtus richardsoni is much larger

than the fossil species and can be sepa-

rated from it by this character alone.

All other species listed above are com-
parable in size' to the Silver Creek Mi-
crotus. M. pennsylvanicus has a variable

number of closed alternating triangles in

its M,. The Recent Utah specimens ob-

served (34 specimens) have 14 teeth with

five closed triangles, 52 with six, and two
with seven. Dalquest (1965:71) reported

M. pennsylvanicus as an abundant taxon
in a Pleistocene local fauna from Texas.

Most of the first lower molars were said

to ha\e six closed triangles, with only a

few containing five. All M. ochropaster

specimens seen have only three closed tri-

angles. The ratio in M. longicaudus was
noted as nine to one (36 specimens), five

closed triangles as opposed to six. The
Silver Creek Microtus has twice as many
M,s with five closed alternating triangles

as six (22 to 11). This ratio occurred in

only one of the comjiarative species, M.
montanus (30 to 15). Of the Recent and
fossil teeth studied, only M. pennsyl-
vanicus has a fifth loop. post(>riorly po-

sitioned, in the up]ior second molar. M.
montanus, M. ric/iardsoni. and th(> fossil

Microtus were the only species which
evinced a distinct posterior constriction

of the incisiAc foramina.
Rased on the above chai-acters. the

Silv(n" Creek vole can be distinguished

from all species except M. monfaruis. with
whi(-h it is a])parently identical. Two sub-

species have current ranges which con-
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verge near the present fossil site, M. m.
nexus and M. m. nanus. The average size

of fossil specimens more nearly approxi-

mates the former subspecies.

Family Erethizontid/\e

Erethizon ? dnrsatuni (Linnaeus, 1758)

Abund.^nce: One individual based on
a jaw fragment containing a lower first

molar (UU\T 7352).
H.'VBIt.-\t: The porcupine usually in-

habits forests or woodlands, but may be
marginal to them if there is sufficient

cover.

Discussion: Apparently Erethizon is

monot}'pic for known fossil as well as

modern specimens. Other named species

have either since been considered con-

specific with E. dorsatuni or else referred

to Cocndou (White 1970:7, 12). In his

skeletal comparison of the New World
porcupines. White (1968) observed that

Erethizon could be distinguished from
Coendou on the basis of occlusal wear
patterns. The scratches on the wear sur-

faces of both upper and lower cheek
teeth of the latter species were reported

as being oriented anteromediad and form-
ing an angle greater than 35 degrees with
the longitudinal axis of the tooth rows.

In Erethizon this angle reportedly is less

than 30 degrees. The M, of the Silver

Creek porcupine was microsco]jically stud-

ied for masticatory striations on the oc-

clusal surface. It was noted that the

orientation of them was about 20-25 de-

grees anteromediad from the longitudinal

axis of the tooth row. This angle falls

well within the range of Erethizon. Mor-
phologically, the cheek teeth of Coendou
and Erethizon are very similar, although
the living species of the former genus
have noticeably smaller teeth. The M,
of the Siher Creek sj)ecimen is ^^^thin

the size and configuration limits of that

tooth as seen in numerous Recent indi-

viduals of Erethizon.

Porcupines are quite common through-
out Utah today.

Order C.\rxivor.\

Family C.axid.xe

Canis cf. dims (Leidv, 1854)

Abund.'^nce: Minimum number of one
individual. Total number of elements,

three, including an atlas (UUVP 7317),
a seventh cervical vertebra fUUVP

7318), and the shaft of a humerus
(UUVP 7319).

H.ABiTAT: Apparently the habitat of the

dire wolf was diverse, as this animal
has been found in association with faunas
representing different physical environ-
ments. The dire wolf is numerically
greater, though, in faunas ref)resenting

grasslands or other oj)en terrain, such as

the one at Rancho La Brea.

Discussion: The atlas, seventh cervical

vertebra, and humerus shaft were com-
pared with specimens of Canis dirus from
the Rancho La Brea and Maricopa de-

posits in California and with corres[)ond-

ing elements described in the literature.

All three elements are within the range
of variation noted for this species. The
Silver Creek specimens were also com-
pared with the few Pleistocene and Recent
ones available of Canis lupus. Each ele-

ment from the present fauna is distinct-

Iv more robust than the same bone in the

gray wolf. As Merriam (1912:238) noted,

the humerus of the dire wolf is a massive
bone compared with other canids. And
although the size ranges of the two
wolves overlap, C. dirus is discemably
more massive in most of its skeletal ele-

ments. Other Late Pleistocene North
American wolves have been s^'nonvmized

bv recent workers with either Canis dirus

or C. lupus. Lundelius (1972:20) stated

that there was no basis for considering

C. ayersi a separate species from C. dirus.

Martin (1974:76) considered Canis arm-
hrusteri. C. milhri. and C. occidentalis

as sA-nonyms of C. lupus.

Since the type of Canis dirus consists

of a maxillary with dentition, it is not

()os'^ible to make a positive identification

with the oresent material. However, as in-

dicated above, the three y)ostcranial bones
re'^emble C. dirus more than C. hipus.

The latter species has been reported from
Utah in historic timc^. ''Durrant 1952:

398; Hall and Kelson 1959:849). but

has not been identified in the fossil records

of this state. C. dims has not previously

been reoorted from ITtah. although it is

known from the Avc^t to the east coast of

North America in tumierf)us Late Pleisto-

rene deposits.

Cani^ '^ latrans Sav. 1823

Anrxnvxri.: One individual based on
a proximal phalanx rUlWP 7321).

Habit \T: The ubiouitous covote is
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known to occupy habitats ranging from
deserts to mountains throughout most of

North America.
Discussion: A proximal phalanx is the

only, evidence for coyote. It is much
smaller than the smallest corresponding

phalanx of either Canis dims or C. lupus.

In comparison with a number of proximal

phalanges of Recent coyotes from Utah,

it was found to be slightly longer and dis-

tinctly more robust than the largest male.

However, its length and robustness were
matched by a few of the larger coyote

specimens from the Rancho La Brea, Mc-
Kittrick, and Maricopa brea deposits in

southern California. Based on cranial

measurements by Merriam (1912:267)

and Giles (1960:380), the Pleistocene

coyote from Rancho La Brea was a little

larger than the modern form. Probably,

Late Pleistocene coyotes from Utah were
also larger than their modern counter-

parts. The greatest length of the Silver

Creek phalanx is 27.0 mm, least width of

shaft is 5.5 mm, greatest mediolateral

width at the proximal end is 8.8 mm, and
greatest mediolateral width at the distal

end is 7.5 mm.
Coyotes are currently known from all

parts of Utah as well as from adjacent

states.

Family Mustelidae

Musteln cf. erminea Bonaparte, 1838

Abundance: One individual based on
an incomplete lower left jaw with partial

dentition (UUVP 7444).

Habitat: Ermine i)refer brushy or

wooded areas in close proximity to water.

Discussion: The Silver Creek specimen
is a nearly complete horizontal ramus
that includes P. - M,; P., and M, show a

moderate amount of wear. Alveoli for

the canine and last molar are preserved.

The size and configuration of the jaw
and teeth closely resemble Recent speci-

mens of ermine from Utah. It was noted,

however, that the present specimen also

closely resembles Mustria rirosa, the least

weasel. Althou<7h this weasel is generally

smaller than the ermine, a number of

specimens of both species seen were simi-

lar in size. TTie Silver Creek jaw is ecuial

in size to some M. rirosa jaw^. Imt the

p.. and Pr, of the fossil are a little larj^er.

Mustplo erminea is not presently com-
mon in Utah, but its range doe-^ include

the Silver Creek locality. M. rixosa does

not currently inhabit Utah or adjacent

states, nor is there a reported fossil rec-

ord of this mustelid in Utah.

Mustela vison Schreber, 1777

Abundance: Minimum number of one
individual. Total number of elements two,

including a right upper first molar
(UUVP 7445) and a right upper second

premolar (UUVP 7446).

Habitat: Mink are always found in

close proximity to bodies of water.

Discussion: The mink is the largest

member of the genus Mustela in North
America (the extinct sea mink, M. macro-
don, was larger than M. vison, however).
The M^ from the present fossil site is as

large as the largest Recent specimen from
several localities in western North Amer-
ica, of which 20 were observed. Its maxi-
mum anteroposterior length is 4.0 mm
and maximum transverse width is 6.8

mm. Morphologically, this tooth is indis-

tinguishable from the modern form. Size

and wear stage of the P'- indicate it prob-

ably belonged to the same individual as

the M\ It, too, showed no differences

from the same tooth of the living mink.
Mustela vison is currently present in

the general area of the fossil site. How-
ever, it is not now abundant due to heavy
trapping in the past. This species is rare

in the fossil record of North America.

Taxidca taxus (Schreber, 1778)

Abundance: One individual based on
a left, lower first molar (UUVP 7349).

Habitat: The badger is known in habi-

tats varying from mountains to deserts,

being especially common in grassland

areas.

Discussion: Although not common.
Pleistocene badgers are known from a

number of localities, mostlv in tJie west-

ern United States. Hall (1936:79) recog-

nized only one species of badger, Taxidea
taxus, for all living and Pleistocene forms.

The Silver Creek specimen compares very
favorabh- with the M, of Recent badgers.

The o\\\\ difference noted was the more
pronounced twinning of the h-spoconulid

in the fossil tooth. However, onh' a few
specimens were available for comparison.
According to Kurten and Anderson
(1972:33), both living and Pleistocene
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populations show considerable sexual and
individual variation. Therefore, it is as-

sumed that a larger comparative sample

would include specimens that show com-
parable degrees of hypoconulid twinning.

The above authors also recognize only one

species, T. taxus, for all Late Pleistocene

and Recent forms.

Badgers are currently widespread

throughout Utah (Durrant 1952:427) and

still occur in the area of the present fossil

site.

Family Felidae

Smilodon cf. floridanus (Leidy, 1889)

Abundance: Minimum number of one

individual. Total number of elements

three, including an upper canine frag-

ment (UUVP 7314), an atlas (UUVP
7316), and a humerus (UUVP 7315).

Habitat: Based on known occurrences

of this species, the saber-toothed cat prob-

ably occupied different habitats. The ma-
jority of fossils, though, have been as-

sociated with grassland faunas.

Discussion: The saber-toothed cat has

not previously been reported from the

Pleistocene of Utah. Its presence is to be

expected, however, as it has been identi-

fied in widely separated deposits through-

out the Western Hemisphere. Its closest

known occurrence to the present site is

in southern Idaho (Hopkins et al. 1969:

4). All three elements from the Silver

Creek fauna were compared with num-
erous similar ones from Rancho La Brea.

They were found indistinguishable from
them.
Apparently onl>' two genera of saber-

toothed cats, Homotherium and Smilodon.

are currently recognized in the Late

Pleistocene of North America by most
workers (e.g., Churcher 1966:273; Wal-
drop 1974:156). The former genus is re-

ported to be about the same size as the

latter but much lighter in build. Thus,
in this respect, Homotherium is more
similar to the true felids (Churcher 1966:

268). Its upper canines are distinctly

shorter and more mediolaterally com-
pressed than those of Smilodon. Although
the canine tooth fragment from the pres-

ent fauna is only 30 mm in length, it is

less compressed than a similar segment of

a Homotherium canine. Its configuration

is identical to Smilodon. though. This

fragment is part of the upper root, prob-

ably just inside the alveolus. No enamel
is present. It measures 36.6 mm in antero-

[)osterior diameter, and its transverse

diameter is 19.8 mm. The Silver Creek
humerus is relatively massive for its

length (Fig. 7) and thus it does not

favorably comj)are with Homotherium or

the true cats. Both wings of the atlas are

missing but this bone, too, is identical to

Smilodon.
Many species names have been in-

cluded in the genus Smilodon. However,
by current usage most of these names
have been placed in synon^Tny (e.g.,

Slaughter 1963:75; Kurten ^ 1965:246;

Webb 1974:150). Lammers (1962), in an
unpublished dissertation, placed Smilodon
californicus in synonymy with the prev-

iovisly named S. floridanus. Kurten (1965:

246), though, concluded that S. floridanus

should be synonymized wdth S. fatalis.

On the basis of new material from Flor-

ida. Webb (1974:151) stated that 5. flori-

danus is distinct from S. fatalis but that

S. californicus is conspecific with Smilo-

don floridanus. as was previously con-

tended bv Lammers.
Smilodon floridanus seemingly replaced

S. fatalis through the Late Pleistocene,

possibly causing the latter s])ecies to be-

come extinct well before the close of this

epoch. According to Slaughter (1963:

78), S. fatalis is only definitely known
from Middle Pleistocene to the earliest

part of the Wisconsin. Since Smilodon
fatalis has apparentlv only been distin-

guished from S. floridanus on the basis

of dental characters, it is not prudent to

assign the Silver Creek material to species

uath certainty. But since 5". floridanus was
evidently by far the most numerous Late

Pleistocene saber-toothed cat, and since

the present specimens are indistinguish-

able from it, they have been tentatively

referred to that species.

Lynx cf . canadensis Kerr, 1 792

Abundance: One individual based on

a left upper third y)remolar (UUVP
7351).
Habitat: The Canadian Ivnx currently

dwells in forested areas at high elevations

in northern North America.

Discussion: The above sf)ecimen from
the present fauna was compared to more
than 60 specimens of Lynx rufus (the

bobcat). It is larger than the correspond-
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Fig. 7. Smilodon c f
.

floridanus. ripht liuinerus. UHVP 7315: A. postcnor view; B medial view
L.me beneath figure represents 50 mm.



Dec. 1976 MILLER: FOSSIL VERTEBRATES 405

ing tooth in the largest individuals seen.

Although only a few L. canadensis speci-

mens were available for comparison, the

Silver Creek premolar compared favor-

ably in size and configuration with the

largest individual.

The lynx is still present in Summit
County, Utah, but is now very rare.

Kurten and Anderson (1972:23) reported

a Canadian lynx from a Late Pleistocene

cave deposit in Idaho and indicated that

this felid is only rarely found in the fossil

state.

Order Proboscidea
Family Elephantidae

Mammuthus cf. columbi
(Falconer, 1857)

Abundance: Minimum number of four

individuals based on deciduous and perma-
nent dentitions and their attendant wear
stages. Total number of elements 68, in-

cluding two occipital condyles and an
incomplete maxilla (UUVP 8026-8028),
13 complete and incomplete teeth (UUVP
7320, 8011, 8054-8064). tusk fragments
(UUVP 7979), 19 vertebrae and verte-

bral fragments (UUVP 7284, 7285, 7287,
7290-7294, 7296, 7301-7304. 7311-7313),
13 incomplete ribs and rib fragments
(UUVP 7268, 7270-7278, 7280. 7305,

8051), two femur heads (UUVP 7298,

7300), a patella (UUVP 7297), an in-

complete fibula (UUVP 7263), 15 foot

elements (UUVP 7261, 7262, 7264-7267,
7279, 7281, 7283, 7306-7310), and mis-
cellaneous limb fragments (unnumbered).

Habitat: Based on associated faunal
tvpes, this widespread species probably
primarily occupied grasslands and sa-

vannas where significant amounts of per-

ennial water existed.

Discussion: As ascertained from the

literature, the status of North American
mammoth taxa is a very confused one.

The recorded number of recognizable spe-

cies is as high as 16 (Osborn 1942) and
as low as two (Aquirre 1969); however,
most current authors accept four or five

as valid. Inadequate type specimens and
diagnoses, and a relative abundance of

mammoth teeth in the fossil record show-
ing intergrading characters, has led to this

confusion. One result has been that a

number of authors are reluctant to identi-

fy North American mammoths to species,

even when complete adult molars are

manifest (e.g., Anderson 1974; Lance
1959; Whitmore et al. 1967).

In 1857 Falconer described Elephas
columbi on the basis of an incomplete
lower third molar. A year later, Leidy
(1858) identified another species, E. im-
perator. He used an incomplete upper
third molar as his type. The subsequent
history of these two species is very com-
plex, with neotypes having been selected

for each (Osborn 1922:2-3) and later

having been rejected (Aquirre 1969:

1376). Generic names to which these spe-

cies have been assigned have also

changed. Originally described as species

of Elephas, E. columbi was later placed by
Osborn (1942) in the genus Parelephas^
and E. imperator in the genus Archidis-

kodon. However, Osborn did consider both
of them as species of Elephas in his 1922
paper. Although current usage is not

unanimous, most authors do recognize

'''columbi" and ''imperator" as species of

Mammuthus. Because the complexities

involved in the history of these two spe-

cies is mostly beyond the scope of the

present paper, the interested reader is

referred to the following literature:

Aquirre (1969), Falconer (1857, 1863),
Harington et al. (1973), Leidv ^858,
1869), Maglio (1973), Miller (1971), Os-

born (1922, 1942), Savage (1951), and
Whitmore et al. (1967).
Many recent investigators have report-

ed M. imperator in Late Pleistocene de-

posits (Churcher 1972:1562; Hopkins et

al. 1969:4; Whitmore et al. 1967:1478-
1479, and others). However, Aquirre
(1969:1367), Maglio (1973:63), and
others restricted M. imperator to the Mid-
dle Pleistocene (Aquirre: 1367, Fig. 1,

showed the chronologic range of this spe-

cies extend intr back to the Early Pleisto-

cene). He (1969:1374, Fig. 8) and Maglio
(1973:77, Fig. 13) both regarded M. im-
perator as ancestral to M. columbi, the
latter species being essentially a Late
Pleistocene form. But Savage (1951:237)
recognized M. columbi in the Middle
Pleistocene desposits of Irvington, Cali-

fornia, and cast doubt on the characters

used by Osborn (1942) to separate M.
imperator from M. columbi. Slaughter et

al. (1962:20) questioned the distinctness

of these species, as did Miller (1971:20).
In ordf^ to determine whether the Colum-
bian and Imperial mammoths are actually

separate species, a comprehensive study
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Fig. 8. Mammuthus cf. columbi, left M\ UUVP 8061: A, (ndusal view; B, lingual view. Line

beneath figure represents 50 mm.
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of North American mammoth material

from Middle and Late Pleistocene de-

posits, especially dentitions, should he

made. Material from widely separated geo-

graphic areas must he taken into account.

Maglio (1973:61) suggested that an ex-

tensive study of North American mam-
moths would be ver}' desirahle.

Most mammoth fossils from the Silver

Creek local famia r(>present innnature
animals. riowe\er. a complete upper
third molar (IJUVP 8061. Fig. 8), an hi-

complete lower third molar (UUVP
7320) . and some postcranial hones are

indicative of an adult (or adults). The
lamellar frequency of these molars (num-
ber of tooth plates along a 100 mm antero-

posterior line) was taken at the occlusal

surface and base on both the linqual and
labial side, then averaged as admonished
by Maglio (1973:12), to make measure-
ments more meaningful. Care was taken
to obtain the true rather than the ap-

parent enamel thickness on the tooth

plates. (The thickness commonly appears
greater on the occlusal surface due to the
angle of wear.) An average of several

enamel measurements on different tooth

plates was obtained for each molar. The
upper third molar from the present fauna
has 19 plates, disregarding the anterior

loop, and an average lamellar frequency
of seven plates per 100 mm. (A difference

of only one-half a plate resulted from the
four points of measurement listed above.)
The measurements of enamel thickness

varied between 2.2 mm and 2.9 mm. for

an average of 2.5 mm. Maximum tooth

vvddth, which was measured just below-

the occlusal surface, is 97 mm. This
measurement was taken parallel to the
fourth plate and included the cement. The
greatest tooth height, measured parallel to

the twelfth plate from the basal enamel
salient to crest of the superior surface, is

208 mm. Plate 12 occurs at the posterior-

most edge of the grindiiig surface and is

essentiallv unworn. This plate's maximum
width is 90 mm. wnth about 70 mm above
its base. Although the lower third molar
is incomplete, its lamellar freonencv and
enamel thickness have been determined.
The former averages six-and-one-half per
100 mm and the latter averages 2.3 mm.
Two nearlv complete upper second molars
(UUVP 8054, 8062), probably from the

same individual, each have 16 plates and
a lamellar frequencv that ranges from

seven to eight-and-one-half, for an average
of eight. The a\('rage enamel thickness is

2.1 mm. Except for the first five or six

plates, cement does not cover the labial or

lingual edges, and is only found in the

grooves separating the plates. In specimen
UUVP 8054, the highest plate is the fifth,

measuring 175 mm. Its maximum width
is 70 mm. Specimen UUVP 8062 is high-

est at plate six. 183 mm, which has a

maximum width of 70 mm. The greatest

overall width of the first M- is 80 mm,
and that of the second is 78 mm. Only
the first three to four plates on these

teeth are worn.
Limits of lamellar frequencies and

enamel thicknesses, as well as the other

characters used in recognition of Marnmu-
thus columhi. differ with investigators

(e.g.. Davis et al. 1973; Maglio 1973;
Osborn 1942; Savage 1951). Even so. the

Silver Creek manmioth apparently fits

all these authors' concepts of M. columbi.

The measurements for the Silver Creek
mammoth given above do. however,
correspond with lower lamellar frequen-
cies and greater enamel thicknesses listed

for .1/. jeffrrsonii (Osborn 1922). I am in

agreement, though, ^\^th A(|uirre (1969:

1374) and Maglio (1973:63), who regard
this species as a variant of M. columhi.
Mommuthus primigenius differs from the

present mammoth by possessing a greater

number of tooth plates on M -|- and by
having a higher lamellar frequency and
thinner enamel plates.

Several reports ha^e indicated mam-
moth fossils from northern LTtah (Bissell

1968; Gilbert 1890; Han.sen 1929; Knight
1903). The first two authors did not clas-

sifv their fossils to species, but the other
two did. Knight (1903:828) identified a

tooth from the Bear Lake region as

EIrphas primiizcnius. But since the tooth

was neither figured nor described, it is

not possible to coiifirm or deny the iden-

tification. However, it probablv repre-

sented a Columbian mammoth, not a

Woollv mammoth. TTay (1927:46) stated

that Knight's identification was doubtful.

TTansen (1929:7) regarded an incomplete
skeleton recovered from Lake Bonneville
sediments near Springville. Utah, as be-

longing to Klcphns primip,rnius. I have
seen this partial skeleton, which includes

tw'o teeth, and consider it to be M. colum-
hi. To my knowledge, no mammoth spec-

imens from the contiguous 48 states have
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been correctly identified as Mammuthus
primigenius. According to Harrington et

al. (1973:296-297), Columbian mam-
moths (including some previously recog-

nized as Woolly mammoths) ranged into

northern Canada and possibly Alaska.
The northern limits of M. columbi and
the southern limits of M. primigenius
will be better understood after a compre-
hensive study .of North American mam-
moths is made.

Order Perissodactyla
Family Equidae

Equus sp. (large) Linnaeus, 1758

Abundance: Minimum number of four
individuals based on upper cheek teeth.

Total number of elements 7(^, including
51 teeth (UUVP 7003-7054, 7257, 7259,

7260), four vertebrae (UUVP 7001, 7056,
7058, 7059), a sacrum (UUVP 8013),
two partial scapulae (UUVP 7235, 7236),
an incomplete humerus (UUVP 7057),
the distal end of a radius (UUVP 8030),
three partial pelves (UUVP 7048, 7055,

8029), an associated scaphoid, unciform,
magnum, trapezium-trapezoid, metacar-
pal, and two splint bones (UUVP 7000),
a proximal sesamoid (UUVP 7002), and
five phalanges (UUVP 7016, 7017, 7046,
7047, 7256).
Habitat: Horses are known to inhabit

grasslands throughout much of the world.
Discussion: Of the larger vertebrates

in the present fauna, the horse ranks
second only to the bison in abundance.
The abundance of these two taxa alone
strongly suggests a predominantly grass-

land condition in the vicinity of the Silver

Creek site.

Despite the numerous studies on T^ate

Pleistocene horses (or perhaps because of

them), the status of most species of

Equus is still in a confused state. Since
the number of Pleistocene horse fossils is

so great, and the intergrading characters

so many, it is very doubtful whether there
will ever be even close agreement on
valid species. Over 40 species have been
proposed from North America alone.

Several of these have very complicated
nomenclatural histories. IJnfortunately,

many of them were originally designated
on the basis of an isolated tooth or teeth.

My observations have shown the vari-

ability is such that isolated teeth are
usually not diagnostic at the species level.

Often, when more than one Equus species

is reported from a fauna, postcranial ele-

ments are assigned to species on the basis

of corresponding tooth size. While this

could hold true in many instances, there

are some in which it does not (Miller

and Downs 1974:7).
.fudging from the complete or nearly

complete upper cheek teeth from the
Silver Creek site, the premolars are

noticeably larger than the molars. A
moderately worn M^ or M', UUVP
7035, measures 26.2 mm along the ecto-

loph and 26.3 mm in width, normal to a

line joining the parastyle and mesostyle.

A moderately worn P^ or P*, UUVP
7259, measures 30.1 mm along the ecto-

loph and 33.8 mm in width). The enamel
pattern around the fossettes and the pro-

tocone is usually relatively simple, but is

moderately crenulated in some specimens.
Both the prefossette and postfossette show
minimal folding (enlarged crenulations)

on all cheek teeth. Pli caballins are present
on a few of the molars and premolars,
but are absent on most. The anteropos-

terior length of the protocone is generally

great, varying from 18.7 mm to 12.5 mm
on worn P^s through M-s. This length
usually diminishes with wear. A proto-

conal heel is very distinct on all teeth

(no complete P- is present, however). Al-

though most protocones are flat along
their lingual border, a few exhibit dis-

tinct concavity. Three slightlv worn de-

ciduous premolars, DP--DP^ (UUVP
7019), all belonging to a single individual

as evidenced by the perfect fit at the wear
facets, provide information on the milk
dentition. Even though the bases of the

three teeth are broken, the height of the

crown could not have been great. The
unworn crown height was probabh' no
more than 45 to 50 mm. The amoimt of

cement covering the external borders of

these teeth is much less than that of the
permanent ones. In similar measurements
[)reviously given for the adult dentition,

the anterofiosterior length greatly exceeds

the width (DP-, 42.8 mm bv 22.0 mm;
DP', 34.5 mm by 23.9 nun; DP', 36.4

mm by 22.9 mm). No suggestion of a pli

caballin is present, and the enamel pat-

tern is even less crenulated or folded than
that of the replacement teeth. Despite the
relatively and absoluteh' greater antero-

posterior length of the milk teeth, the

length of the protocone is shorter. The
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protoconal length decreases with wear
and in this respect emulates the replace-

ment teeth. Protocones on all three decidu-

ous teeth show strong lingual convexities.

As in the upper cheek teeth, the lower
molars (with the exception of M.,) are

noticeably smaller than the lower pre-

molars. This observation is, of course,

based on a limited amount of material.

The metaconid is a little larger and dis-

tinctly more rounded than the metastylid,

which usually possesses a posterolingually

directed angle. This angle is subdued in

some specimens but distinct in most. The
metaconid-metastylid groove (linguaflex-

id of Skinner and Hibbard 1972) varies

from a wide V-shape to a broad U-
shape. A pli caballinid is present on nine
of 19 specimens, but is very prominent on
only one. The ectoflexid is usually asym-
metrical and extends lingually into the

isthmus in M3S only.

While most of the postcranial equid
fossils are fragmental, a few foot bones
are intact. A complete metacarpal
(UUVP 7000) measures 248 mm in great-

est length (trapezoid-magnum ridge to

distal keel), 57 mm in greatest trans-

verse width across the proximal articular

surface, and 56 mm in greatest trans-

verse width across the distal articular sur-

face. A complete proximal phalanx
(UUVP 7017) measures 94 mm in great-

est length, 60 mm in greatest transverse
width across the proximal articular sur-

face, and 51 mm in greatest transverse
width across the distal articular surface.

A medial phalanx (UUVP 7047) meas-
ure 50 mm in greatest length, 53 mm in

greatest transverse width across the proxi-

mal articular surface, and 52 mm in

greatest transverse width across the distal

articular surface. A distal phalanx
(UUVP 7256) measures 22 mm in antero-

posterior width along the proximal ar-

ticular surface at the midline and 52 mm
in greatest transverse width along the ar-

ticular surface. (All the above dimensions
were taken across articular surfaces onlv,

even though processes or flanges would
give a greater measurement.") The above
foot bones articulate well and could rep-

resent the forefoot of a single horse.

Savage (1951:252) recognized only
seven valid species of caballine Equus in

the Late Cenozoic of North America. Al-
though some later workers (e.g.. Hibbard
1970; Hopkins et al. 1969; Lundelius

1972) acknowledged additional species,

the type specimens on which most are

based seem to to be diagnostic for rea-

sons cited above. The species recognized

by Savage are: Equus tau, E. giganteus,

E. pectinatus. E. hautistensis, E. scotti, E.

cahallus, and the species from Rancho La
Brea (usually regarded as Equus occiden-

talis) . The large equid from Silver Creek
cannot be referred to E. conversidens
(=E. tau) because of its distinctly larger

size, or to E. giganteus because it is con-

siderably smaller than that species. E.

pectinatus is recognized as a species

largely on the basis of its relatively small

protocone and complicated enamel plica-

tions. Neither of these characters are

shown by the present horse teeth. One
of the characters used by Frick (1921:

303) in his type description of E. hautis-

tensis was the bilobed nature (lingual

concavity) of the protocone. As noted
above, the protocone of most upper cheek
teeth from the present site are flat along
their lingual border. Also, their average
anteroposterior length significantly ex-

ceeds that of Frick's (1921) type and re-

ferred topotvpal s[)ecimens. Although
Frick (1921:'303) stated that the proto-

cone of E. bautistcnsis was anteropos-

teriorly longer than that of the Rancho
La Brea horse, my observations indicate

that just the opposite is true. Generally,

the enamel border of the prefossette and
postfossette of E. hautistensis are more
folded and crenulated than the Silver

Creek equid. In addition, the linguaflexid

of E. hautistensis is described by Frick

as being, on the average, shary). This
character, too, differs from that of the

horse from the present study area. As pre-

viously stated it is wide V-shaped to broad
U-shaped. Equus scotti was named by
Gidlev in 1900 (1900:111). The type
specimen is a nearly complete skeleton;

four additional skulls and parts of other

skeletons were associated with it. Accord-
ing to the type description, the teeth of

this species are markedly larger and the

enamel pattern of the prefossette and
postfossette much more complex on the

average than the Silver Creek horse. The
latter equid apparentlv has a linguaflexid

that is usually more U-shaped, w^hich fur-

ther serves to distinguish the two species.

The horse from Rancho La Brea has com-
monh' been referred to as E. ncridentalis.

However, I have elsewhere (Miller 1971:
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21-22) given a brief nomenclature history

of this species and have considered it to

be a nomen duhium. As Savage (1951:

252) has suggested, though, the Rancho
La Brea horse is probably a distinct spe-

cies; many Late Pleistocene horses from
the western United States have been re-

ferred to it. The limited equid material

from the Silver Creek local fauna appears
to fall wdthin, the range of variability

in all its noted characters with that of

the horse from Rancho La Brea. However,
most of these characters have, also been
noted on specimens of E. cahallus. Skin-

ner and Hibbard (1972:120-123) pointed

out that the hemionid and asinid groups
can be readily separated from the zebrid

and caballine horses by the arrangement
of the isthmuses on the lower molars.

They said that the former two groups pos-

sess simple isthmuses in Pj-M,, whereas
the latter two groups have antero- and
post-isthmuses due to the lingual exten-

sion of the ectoflexid on Mi through M...

Antero- and post-isthmuses do occur on
the M.-jS from the Silver Creek local

fauna, but not on the other molars,

which have a simple isthmus. However,
the wide V-shape to broad U-shape of

the linguaflexid on the specimens from
the present area of study seems to war-
rant placing them in the caballine group
of horses.

Equus ? roniM'rsidens Owen, 1869

Abundanck: One individual based on
a left lower first or second molar
(UUVP 7061) and a proximal sesamoid
finiVP 7060).

Habitat: Several species of small equid
have been reported from the Pleistocene.

Usually these small forms constitute a

very small part of a fauna that generally

reflects a grassland habitat. Possibly one
or more of these small species of E(/uus

are only marginally grassland inhabitants.

Their maior habitat may be savainia or

brijshy terrain.

Discussion: Although usualK' iar(\

small e(iuids have been reported in num-
erous faunas from Alaska to ]\Texi(().

Several names ha\e been pro[)osed for

them, including Equus ronrrrsidcns. E.

tou, E.. francisci. E. h'tforalis, E. (luinni.

E. achates, E. harccnaei, and Onajycr

zoyataJis. As is true of larger species of

Equus, much confusion exists regarding

valid names. Equus conversidens and E.

tau were both named by Owen in 1869
on specimens collected in the "Valley of

Mexico." The type of E. conversidens is

a palate with dentition broken along the

midline and restored. Gidley (1901:119)
argued that this specimen represented

two separate individuals, but stated that

the species was valid. E. tau was named
on a fragmental upper dentition (P^-M^)
probably from one individual, though not

so stated by Owen, and three contiguous

premolars from the lower jaw. No state-

ment was made indicating whether the

lower teeth might correspond to the same
individual as the uppers. In 1884, Cope
synonymized E. conversidens with E. tau

because he could not detect specific dif-

ferences between them. (Actually, E.

conversidens has page priority over E.

tau; Owen 1869:563-565.) Gidley (1901),
however, suspected that Cope never saw
the actual type of E. tau and did not
recognize the synonymy. Skinner (1942:

170) recognized both Equus conversidens

and E. tau on limited material from the

Late Pleistocene Papago Springs cave in

Arizona. He stated that the former horse
was medium-sized and the latter was a

true dwarf. Hibbard (1955b: 56), how-
ever, regarded E. tau, as well as E. lit-

toralis and E. barcenaei, as synonyms of

E. conversidens. In 1960, Hibbard and
Taylor (1960:189) also synonymized
E. francisci with E. conversidens. (E.

francisci has been sjielled E.. francisi in

several observed articles, including the

one by Hibbard and Taylor, but in Hay's
t\ pe description (1915:535) it is spelled

/i. francisci.) Dalquest and Hughes (1965:

417), in their paper on Equus conversi-

dens, regarded five species, E. tau, E. har-

cenaei, E. littoralis, E. francisci, and E.

achates, as being conspecific with it. In re-

studying the ty[)e of E. francisci, which is

a [)artial skeleton including a skull and
mandible, Lundelius and Stevens (1970)

concluded that this species is distinct

from E. conversidens. Their recognition of

this equid as a separate species is based on
both dental characters and excejilionally

long meta|)odials. They also synon^ nii/.ed

two oth(>r Equus species, E. quinni and
Onager z.oyafalis. with P.. francisci (1970:

1I'8).

The lower cheek tooth troni the Silver

Creek lo( nl fauna. probablA' an M, or M..

(Fig. 9). shows a si/e and dental pattern
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that fits within the variability noted for

specimens identified as Equus conversi-

dens. However, the metaconid-metastyhd
groove (hnguaflexid) has a relatively

sharp V-shape, which Lundelius and
Stevens (1970:149). stated were charac-

teristic of E. francisci. This tooth meas-
ures (22) mm in ^eatest anteroposterior

length and 14.2 mm in greatest trans-

verse wddth just below the occlusal sur-

face. A proximal sesamoid, evidently of

an adult, is also considered to represent
E. ? conversidens based on its very small
size.

Order Artiodactyla
Family Camelidae

Camelops cf. hesternus (Leidy, 1873)

Abundance: Minimum number of one
individual. Total number of elements,
eight, including a jaw symphysis (UUVP
8031), a right lower second and third

molar (UUVP 7240, 7239), a lower ca-

nine (UUVP 7244), two lower incisors

(UUVP 7243, 7245), the distal end of a

metapodial (UUVP 7246), and an incom-
plete proximal phalanx (UUVP 7241).

Habitat: According to Hibbard and
Taylor (1960:186), Camelops inhabited
open shrub and grasslands. This genus
most always occurs with a fauna that

also reflects these conditions.

Discussion: The size and wear stage

of the teeth indicate that just one individ-

ual is represented. When the M_. and M;i
are held together, the wear facets match
exactly. It is not possible to know whether
the postcranial material belongs to the

same individual as do the teeth, but the
size of these elements and the maturity
indicated are suggestive of this.

Webb (1965:44) recognized three gen-
era of Pleistocene camels in North Ameri-
ca: Titanotylopus. Tanupolama, and Cam-
elops. {Tanupolama was regarded as a

junior synonym of Hemiauchenia in a

later paper [Webb. 1974:197].) In 1974
(1974:176) he acknowledged a fourth

genus, Paleolama. from Pleistocene de-

posits of Florida and Texas. Langen-
walter (personal communication, 1975)
has also recognized Palcolama in Late
Pleistocene deposits of southern California.

The Silver Creek camelid is smaller than
Titanotylopus and larger than Hemiau-
chenia and Palcolama. All present ma-
terial was compared with available speci-

Fig. 9. Equus ? conversidens, left Mi or Ms,
UUVP 7061: A. occlusal view; B, labial view.

Line beneath figure represents 10 mm.

mens of Camelops hesternus from Ran-
cho La Brea at the Natural History Mu-
seum of Los Angeles County. Although
the Silver Creek specimens were smaller

than the average Rancho La Brea C.

hesternus. they did compare \ev\ favor-

ably in size and morphology with the

smaller adults. According to Webb (1965:

1 ) , only one species of Camelops, C. hes-

ternus, is present in the Rancho La Brea
fauna.

Camelops kansanus (Leidy 1854) is

the genotypic species. It was based on a

premaxillary-maxillary fragment that

was not considered specifically diagnostic

by Savage (1951:260). He relegated it to
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the status of nomen vanum. Nevertheless
a few authors still recognize C. kansanus
as a valid species (e.g., Schultz 1969).
The problem of designating the type spe-

cies indeterminate has been discussed by
Savage (1951:260) and Webb (1965:3).
Camelops huerfanensis is considered a

very closely related species to C. hester-

nus by Savage (1951:262). Considering

the variability, I have seen in species of

Pleistocene camels, I question whether
the characters that have been used to

separate C. huerfanensis from the earlier-

named C. hesternus (Cragin 1892; Hay
1913; Savage 1951) are significant.

Camelops minidokae and C. sulcatus are

both reported (Savage 1951:263) as being
smaller species than C. hesternus. How-
ever, my observations have shown that

larger C. minidokae specimens overlap

the size range of small C. hesternus speci-

mens on most, if not all, elements. C.

minidokae^ though, is supposed to differ

from C. hesternus by the presence of a

median groove bordered anteriorly by a

stylid on the labial surface of the lower
molars. This condition was not seen on
the Silver Creek lower molars. The M.,

and Mo are moderately worn. (The stage

of wear should be considered when mea-
surements are taken, since various dimen-
sions are significantly affected by it.) Ma
measures 58.2 mm anteroposteriorly and
20.2 mm in transverse width at the oc-

clusal surface. M2 measures 40.2 mm an-

teroposteriorly and 21.2 mmi in trans-

verse width at the occlusal surface.

The incomplete metapodial measures
in excess of 92 mm in greatest transverse
width and in excess of 40 mm anteropos-

teriorly at the distal end. Metacarpals
and metatarsals of Camelops show little

size difference chstally. The distal-most

end of the proximal phalanx is missing,
but otherwise the bone is complete. It ap-
parently belongs to a front foot. The
greatest transverse width at the proximal
end is 46.1 mm, and the greatest antero-
posterior dimension is 36.2 mm.
Camelops is known from numerous

Rancho T>a-Breari-Age deposits in western
North America. The closest locality to the
present faunal site that yields significant

numbers of Camelops' specimens is the
American Falls I.nke Beds in southern
Idaho. Some of the many specimens from
here have been reported by Crazin (1935-

300) and Hopkins et al. (1969:4-5). The

only reference to a Pleistocene camel
from Utah, other than the present one,

was made by Romer (1928; 1929). This
specimen, a fragmentary skull, was found
in a lava tunnel near Fillmore, Utah.
Romer identified it as belonging to the

genus Camelops., and stated that it prob-

ably should be referred to the species C.

hesternus.

Family Antilocapridae

Antilocapra cf. americana (Ord, 1815)

Abundance: Minimum number of one
individual. Total number of elements two,

including a right lower fourth premolar
(UUVP 7247) and a medial phalanx
(UUVP 7218).

Habitat: The living pronghorn species,

Antilocapra americana., primarily oc-

cupies sagebrush plains and prairies in

the western part of North America.

Discussion: Presence of the antiloca-

prid is best represented by the V^, as the

medial phalanx is abraded and cannot be

Fig. 10. Antilocapra cf. anicncana, right P*,

I'll VI* 7247: A, occlusal view; B, lingual view.
Line hctioath figure i-('[irosonts 'i mm.
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positively distinguished from a cervid.

The premolar is missing a small antero-

labial portion from the occlusal surface,

but is otherwise complete (Fig. 10). In

examination of the P.i of Recent Antilo-

capra americana it was found that this

tooth evinces an appreciable amount of

variation. Most specimens showed a

closed anterior and posterior lingual fold,

with resulting fossettids. This is the con-

dition of the fossil premolar. However,
one Recent specimen, BYUO 121, has
both the anterior and posterior lingual

folds open such that fossettids would not
have formed until the tooth was very well

worn. Another specimen has three, rather

than the usual two, fossettids. The Silver

Creek P4 was found to be within the

variation of size and shape noted for A.
americana.

Tetrameryx (and Stockoceras. if this

taxon is recognized as a distinct genus
as proposed by Skniner [1942:179]) ap-

proaches the modern antilocaprid in size.

However, it does not have such hypsodont
fourth premolars. It also shows a pro-

nounced separation of the two roots,

whereas they are essentially fused into

one in Antilocapra americana. Although
teeth are not generally considered diag-

nostic for antilocaprid distinction at the

species and generic level (Colbert and
Chaffee 1939:9; Savage 1951:275; Stirton

1932:49-51), the degree of hypsodonty
and root fusion of the Silver Creek P, is

apparently only matched in Pleistocene

and Recent Antilocapra. The Pliocene
species, A. (Suhantilocapra) garciae, is

smaller and evidently more primitive

than A. americana. According to Webb
(1973:215). there is a deep lingual in-

flection on the P4 of A. garciae, which
does not close to form a fossettid. How-
ever, since only one P, was reported, it is

not possible to know the variability of

this feature in the species. The degree of

hysodontv and root separation of P, were
not mentioned b^' Webb, but presumably
the tooth was less hypsodont and the root

separation more distinct in the Pliocene

pronghorn.
The P4 from the Silver Creek fauna is

only modestlv worn. It has two small

fossettids, about 2 mm in greatest diame-
ter, on either side of the tooth's midpoint.

The greatest height, from occlusal surface

to root base, is 25.1 mm. In greatest an-

teroposterior length it measures (10) mm.

and it measures 6.5 mm in greatest trans-

verse width at the grinding surface.

As meager as the above evidence is for

Antilocapra, it is apparently the first re-

j)ort of anv fossil antilocaprid from Utah.
The current distribution of i)ronghorns
in the state does not include the present

area of study. They do, however, occur
about 75 miles east and west of this site

(Durrant 1952:463).

Family Bovidae

Bison ? latifrons (Harlan, 1825)

Abundance: Minimum number of five

individuals based on lower cheek teeth.

Total number of elements 174, including

an incomplete horn core (UUVP 7015),
a basicranial fragment (UUVP 7063),
a mandible including both jaws with den-

titions (UUVP 7062), two jaw fragments
(UUVP 7093, 8033), 43 isolated teeth

(UUVP 7007, 7010, 7064-7103, 7219),
32 vertebrae and vertebral fragments
(UUVP 7104-7121, 7125-7137, 7141,

7148, 8014, 8015, 8024, 8025, 8049), 31

complete and incomplete ribs (UUVP
7150-7169, 8038-8047, 8050), three in-

complete scapulae (UUVP 7110-7112),

an incomplete humerus (UUVP 7214),
a nearly complete and two incomplete
radii (UUVP 7118, 7113, 7114), the

proximal end of an ulna fUUVP 7115),
two metacarpals and a metacarpal frag-

ment (UUVP 7212, 7213, 7216), 13 car-

pals (UUVP 7172, 7173, 7192-7200, 7203,

7242), the head of a femur (UUVP
7117), the distal end of a tibia (UUVP
7215), two astragali (UUVP 7170, 7171),
an incomplete calcaneum (UUVP 8034),
a navicular-cuboid (UUVP 8048), one in-

complete and two complete metatarsals

(UUVP 7122-7124), 16 phalanges

(UUVP 7174-7189), and 10 sesamoid

bones (UUVP 7201, 7202, 7204-7211).

Habitat: Considering the habitat of the

living bison and major faunal associates

reported for extinct bison, Bi.son latifrons

presumably occupied grassland areas.

Discussion: Extinct species of Bison

have been mostly established on the basis

of horn cores, supposedly those of males.

Difficultv in species identification arises

when horn cores are incomplete or ab-

sent, or when just those of a presumed
female are present. In most Late Pleisto-

cene faunas where bison exist, elements
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Other than complete horn cores are the
only basis for idenification. Consequently,
the species is commonly tentatively re-
ferred, questioned, or left unnamed. Fu-
ture finds of complete adult skeletons
would do much to help alleviate present
difficulties in identification.

Bison elements are relatively numerous
in the Silver Creek local fauna, but only
one horn core is present. Unfortunately,
it is incomplete. At least one-third is miss-
ing from the distal end, as well
as a posterodorsal segment .(Fig. 11).
A portion of the frontal is attached to
the horn core, including a part of the
orbital protuberance. This allows a reason-
ably accurate orientation of the horn core
to be made. When it was part of the skull,
it would have projected posterolaterally
away from it in a horizontal plane. Since
there is very little curvature to the horn
core, a juvenile is indicated. This is fur-
ther attested to by the lack of grooves and
ridges and possibly by the slightly devel-
oped burr. The specimen measures 134
mm along its ventral side from burr to
broken end. Its estimated minimal total
length is 420 mm. At the burr the cir-

cumference is approximately 320 mm.
Despite the immaturity represented by

the Silver Creek horn core, its minimal
projected length along the lower border
(420 mm) is greater than the maximums
listed for this measurement by Skinner
and Kaisen (1947:170, 178) for male
Bison occidcntalis and B. antiquus. It is

unknown whether the present specimen
is referrable to a male or female. The
full-grown size of the horn core would
surely be within the limits of the so-called
giant bison, B. latifrons^ B. crassicornis. B.
alleni, and B. chancyi. B. chaneyi is re-
moved from further consideration as it is

presumed to be an invalid species. Dal-
quest (1957:350-351), Schultz and Frank-
forter (1946:6), and others have stated
that there is little distinction between B.
chaneyi and R. alleni. And elsewhere
(Miller 1971:25) I suggested that these
species are synonymous. Although the ul-
timate size and configuration that the pres-
ent horn core would have attained is un-
known, its shape is very slender. This is

more suggestive of B. latifrons than the
stouter ones of B. alleni and B. crassi-
cornis. The latter species is very rarely
known south of Alaska and ncirfhwest-
ern Canada (Lillegraven 1967:299). The

Fig. 11. Bison ? latifrons, anterior view of
right horn core, UIJVP 7015. Line beneath figure
represents 50 mm.
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Table 1. Measurements iii millimeters of Ondatra first upper and lower molars from Silver

Creek. (Teeth worn below greatest anteroposterior width were not used.)

Specimen Number DVP
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Table 2. Measurements in millimeters of adult Bison mandibles. (For figure showing points of

measurement, see Miller 1971:60.)

Specimen Number
UUVP LACM LACM
7062 18807 18811

Y
6718

Y
6709

Y
6725

BYUO
228

Silver Creek Bison X
Bison latifrons

Bison antiquus
Bison bison

1. Length of jaw, lateral border 475
of Ci alveolus to angle

2. Depth of jaw kt anterointernal 53
border of P2 alveolus

3. Depth of jaw at posterointernal 90
border of M3 alveolus

4. Distance between anterior 68
border of P2 alveolus to

posterior border of P4 alveolus

5. Distance between anterior 126

border of Mt alveolus to

posterior border of M3 alveolus

X

(458)

(65)

110

95

125 110 111 113

X

423
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Table 4. Measurements in niilliineters of adult Bison seventh cervical vertebrae. (For figure

showing points of measurement, see Miller 1971:64.)

Specimen Number
UUVP LACM
7127 18375

LACM
18376

Y
^506

Y
6496

Y
6507

BYUO
22»

Silver Creek Bison

Bison latifrons

Bison antiquus
Bison bison

1. Greatest anteroposterior

length of centrum
2. Greatest width of centnjm
3. Greatest height of centrum
4. Greatest width of head
5. Anteroposterior diameter at

base of spine
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Creek local fauna is in excess of 40,000
YBP. The poorly known stratigraphy in

the vicinity of the fossil site offers little

assistance in an age assignment. At best

the fossil-bearing sediments can be pre-

sumed to be Pleistocene. Although glacial

deposits have been recognized elsewhere
in the Wasatch Range, none were identi-

fied here.

Greatest chronologic precision is ob-

tained by the fauna itself. Bison^ which
is prevalent from the present fossil site,

is used as an index to the Late Pleistocene

(Rancho-La-Brean) of North America.
This was first proposed by Savage (1951:

277). Previously, the genus was thought
to have been in the Great Plains as early
as Kansan time (Schultz and Frankforter

1946, and Schultz and Stout 1948). Hib-
bard (1955c:221-223) asserted that there

was no demonstrable evidence that sup-

ported the presence of Bison in North
America earlier than Illinoian time. Most
recent workers, including myself, have
adopted Savage's and Hibbard's view if

Alaskan and northwest Canadian faunas
are not included. A good review of Bison
evolution and distribution has been given
by Guthrie (1970). However, the chrono-
logic range of B. latifrons has not yet been

Table 7. Measurements in millimeters of adult Bison radii. (For figure showing points of

measurement, see Miller 1971:68.)

Specimen
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clearly defined as stated by Schultz and
Lansdown (1972:398). The temporal du-

ration of this species may have been
from Illinoian through Late Wisconsin,
although its population and distribution

were probably very restricted by the

latter date. Since the species of Bison

from Silver Creek is questionably as-

signed (Bison ? latifrons), it offers no
more temporal resohition than that of Late

Pleistocene.

Of the 23 mammalian species reported

from the SHver Creek local fauna (in-

cluding those tentatively assigned), 16

are extant. This ratio of living to non-

living species and the presence of Antilo-

capra americana is very suggestive of

post-Illinoian time. Hibbard et al. (1965:

513) do not recognize Antilocapra^ based

on A. americana, prior to Wisconsin time.

(This range zone, however, was not predi-

cated on abundant specimens, and there

is a likelihood that A. americana has
existed since the Sangamon.) In 1966

(1966:154-155), Semken espoused that
Ondatra was chronologically significant.

He and Nelson (1970:3734-3735) showed
that the length-width ratio of Ondatra
MiS changed with geologic time and cli-

matic conditions. In their two diagrams
utilizing this ratio (Figs. 1 and 3), it can
be seen that the Silver Creek musk-
rat M,, average value 2,462, falls between
the averages given for Sangamon and Wis-
consin forms.

The above evidence is suggestive of a

Sangamon or Wisconsin age for the Silver

Creek local fauna. Probably it is Late
Sangamon or Early Wisconsin.

Correlation: Because of differences

in the ecologies reflected b}^ various local

faunas, it is often difficult to determine
precise correlations. Based on the general
similarity of faunal constituents, the Sil-

ver Creek local fauna shows closest tem-
poraneity to the faunas from American
Falls (Hopkins et al. 1969) and Jaguar
Cave (Kurten and Anderson 1972) in

Table 9. Measurements in millimeters of adult Bison astragali. (For figure showing points of

measurement, see Miller 1971:72.)

Specimen Number

Silver Creek Bison
Bison latifrons

Bison antiquus
Bison bison

1. Greatest length
2. Greatest transverse width
3. Greatest anteroposterior width

UUVP
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Table U. Measurements in millimeters of adult Bison anterior proximal phalanges.

Specimen Niamber
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Phenacomys intermedius# Merriam
Microtus montanus# (Peale)

Family Erethizontidae
Erethizon ? dorsatum# (Linnaeus)

Order Carnivora
Family Canidae

'Canis cf. dirus# (Leidy)
Canis ? latrans# Say

Family Mustelidae
Mustela ? erminea# Bonaparte
Mustela vison# Schreber
Taxidea taxus# (Schreber)

Family Felidae
-\-Smilodon cf. floridanus# (Leidy)
Lynx cf. canadensis^ Kerr

Order Proboscidea
Family Elephantidae

-{-Mammuthus cf. columbi (Falconer)
Order Perissocactyla
Family Equidae
Equus sp. (large) Lirmaeus
*Equus ? conversidens^ Owen

Order Artiodactyla
Family Camelidae

-\-Camelops cf. hesternus (Leidy)
Family Antilocapridae

Antilocapra cf. americana# (Ord)
Family Bovidae

*Bison ? latifrons (Harlan)

Poorly sorted sands and gravels inter-

calated with clays at the fossil site mani-
fest past depositional changes. The fine

sediments laid down in the quiet marsh
waters were probably interrupted peri-

odically by flooding of a nearby stream
that carried in coarse deposits from ad-

jacent uplands. This would explain abra-
sional marks on some of the bones.

Since almost all small mammals in the

Silver Creek local fauna can currently

be found in the area today, existing tem-
peratures were apparently little different

than they are at present. All the larger

animals in the fauna are usually indic-

ative of temperate climatic conditions. No
evidence, direct or indirect, suggests gla-

cial conditions during Silver Creek time.
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NEW SYNONYMY, NEW COMBINATIONS, AND NEW SPECIES
OF NORTH AMERICAN PirYOPHTHORUS
(COLEOPTERA: SCOLYTIDAE). PART II

Donald E. Brighti

Abstract.— New synonymies and new combinations affecting North American Pityophthorus are

proposed as follows: carinifrons Blandford. incomposilus Blaiidford, and incornmodus Blandford are

removed from Pi/rop/ithorus and placed in Araplus; P. boycei Swaine {=Myeloborus catulus Black-

man and M. iniquus Blackman) ; P. lautus Eichhoff = P. rhois Swaine and P. natalis Blackman) ; P.

californicus new name for P. deleoni (Bright) not Blackman. New species are: P. abstrusus (Mexi-
co), anthracinus (Me.xico), arcanus (Arizona), brevicornnlus (Me.xico), dispnr (Mexico), elimatus

(Mexico), furnissi (Mexico), germanus (Mexico), ineditus (Mexico), litos (Mexico), megas (Mexico),
minus (Arizona), occlusus (Honduras. Mexico), recans (British Columbia), siouxensis (South Dakota),
speculum (Mexico), subimpressus (Mexico), thate fieri (California), thomasi (Mexico), and zonalis

(Arizona). A neotype for P. lautus Eichhoff is selected.

This is the second paper under this title

in which various new taxonomic data af-

fecting the genus Pityophthorus Eichhoff
in North America are estabhshed. The
first part is in press in the Canadian
Entomologist.

Since it will be several years before the

complete monograph of Pityophthorus is

published, it was decided to present some
of the results of the study now. In addi-

tion, these new data are needed for incor-

poration in a monograph of the Scolytidae

of North America being produced by S. L.

Wood, Provo, Utah, and for use in the

catalog of North American Coleojitera

presently being prepared at the United
States Department of Agriculture in

Washington, D.C.

The collections where the type material

is located are abbreviated as follows: Brit-

ish Museum (Natural History), London
(BMNH); Canadian National Collection

of Insects, Ottawa (CNC); Karl E. Schedl

collection, Lienz. Austria (KESC); S. L.

Wood collection, Brigham Young Univer-
sity, Provo, Utah (SLWC); United States

National Museum of Natural History,

Washington, D.C. (USNM).
I wish to express my appreciation to

the following individuals for lending

specimens used in this studv: Dr. D. M.
Anderson (USN^T). Prof. K. E. Schedl,

Lienz, Austria, Dr. R. T. Thompson
(BMNH), and Dr. S. L. Wood, Provo,

Utah. Dr. S. L. Wood also offered valu-

able comments concerning some of the

synonymy presented.

Araptus carinifrons (Blandford) n. comb.

Pityophthorus carinifrons Blandford, 1904, p. 244.

(Holotype $, Mexico, BMNH)

The unique specimen of P. carinifrons

was examined and was found to represent

a species in the genus Araptus Eichhoff.

The holotype bears the following data:

Type (an orange-bordered circle) /Motzo-
rongo. Vera Cruz, Flohr/B.C.A. Col. IV,

6, Pityophthorus carinifrons Blandf. /Pity-

ophthorus carinifrons Bland, (handwrit-
ten, label upside down)

.

Diagnosis.— Length 1.6 mm, 2.6 times

longer than wide. Frons convex with a

distinct, sharp, moderately strongly ele-

vated, longitudinal carina extending from
epistoma to well above upper level of

eyes; surface finely punctured, with abun-
dant, short, scattered setae. Antennal club

nearly circular, about 1.1 times longer

than wide, widest at middle; sutures 1 and
2 strongly arcuate, extending to beyond
middle of club on posterior face, other

sutures not visible. Pronotum as long as

wide, widest at about middle; sides broad-

ly arcuate; anterior margin narrowly
rounded with a row of 8 small, basal-

Iv contiguous serrations; asperities on an-

terior slope very low, numerous, scattered

in no apf)arent order; posterior area

subasperate-])unctate, the punctures shal-

low, fine, with lateral margins weakly
elevated, resulting in a subasperate ap-

pearance; interpuncture space dull,

minutelv reticulate. Elytra 1.6 times

longer than wide; striae indistinct; sur-

'Biosvstematics Research Institute, Canada .\giiciiltiiic. Ottawa, Ontario.
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face minutely, randomly punctate, with

a short seta arising from each puncture.

Declivity evenly convex; interspaces

(except 2) bearing a median row of very

sparse, short, flattened, scalelike setae.

Araptus incompositus (Blandford)

n. comb.

Pityophthorus incompositus Blandford, 1904, p.

243. (Holotype $, Guatemala, BMNH)

The unique type of P. incompositus was
examined and found to represent a species

in the genus Araptus. The holotype bears

the labels: Type (an orange bordered cir-

cle) /Coatepeque, 1300 ft., Champion/B.
C.A. Col. IV. 6, Pityophthorus incompo-
situs Blandf./Pityophthorus incompositus

Bid. (handwritten, label upside down).

Diagnosis.— Length 1.5 mm. Frons

convex, finely, densely punctured with no
indication of a carina or special modifica-

tion; vestiture scattered and inconspicu-

ous. Antennal club oval, 1.3 times longer

than wide, more broadly rounded at

apex; suture 1 strongly arcuate, extend-

ing to just below center of club; other su-

tures not visible. Pronotum 1.1 times long-

er than wide; posterior portion finely,

shallowly punctured, the punctures sep-

arated by a distance equal to more than
their diameters; interpuncture surface

with numerous, fine points. Elytra 1.8

times longer than wide; striae indistinct,

punctures placed in fairly regular rows,

very shallow and indistinct on disc; inter-

spaces minutely rugulose, rather dull.

Declivity steep; interspace 1 weakly ele-

vated, with a median row of small but
distinct granules and long setae; inter-

space 2 weakly impressed, flat; interspace

3 weakly elevated, equal in height to 1,

bearing a median row of distinct granules

and long setae; punctures in striae 1 and
2 obscure. Vestiture confined to declivital

region (apical one-third of elytra), nar-

rowly flattened, placed in all interspaces

except 2.

Araptus incommodus (Blandford)

n. comb.

Pityophthorus incommodus Blandford, 1904. p.

245. (Holotype 5, Guatemala. BMNH)

This species was described from one
specimen that was examined and was
found to represent a species in the getuis

Araptus. The holotype is labeled: Type
(an orange bordered circle) /Cerro Zunil,

4000 ft., Champion/B.C.A. Col. IV, 6,

Pityophthorus incommodus Blandf./Pity-

ophthorus incommodus Blandf./Pityoph-

thorus incommodus Bid. (handwritten, la-

bel upside down).

Diagnosis.— Length 2.2 mm, 2.6 times

longer than wide. Frons and antennae
very similar to those of A. carinifrons.

Pronotum as in carinifrons except serra-

tions on anterior margin smaller. Elytra

as in carinifrons except setae arising from
strial and interstrial punctures longer.

Declivity convex; interspace 2 flattened,

weakly impressed, bearing a median row
of numerous, flattened, scalelike setae

equal in length to similar setae on other

interspaces; interspace 1 weakly elevated,

3 not elevated but equal in height to 1,

both apparently without granules but

with setae similar to those on 2.

Pityophthorus boycei Swaine

Pityophthorus boycei Swaine, 1925, p. 192. (Holo-

type 5 . California, CNC)
Myelohorus catulus Blackman, 1928, p. 21. (Holo-

type 9, Idaho, USNM) New Synonymy
Myeloborus iniquis Blackman, 1928, p. 27. (Holo-

type 9 , Wyoming, USNM) New Synonymy

The holotypes and paratypes of all

three names listed above were compared.
In addition, numerous other specimens
from western North America were ex-

amined and compared to the type ma-
terial. This comparison did not reveal

any characteristic that could be used to

distinguish species.

Blackman (1928) distinguished these

species mainly on size and color. These
are very variable characters and depend
more upon the maturity of the specimens
or the environmental conditions under
which the specimens lived rather than
upon genetic differences.

Iti the absence of anv morphological

characters to distinguish them. Black-

man's names must be placed in synon-

ymy.

Pityophthorus ramipcrda Swaine

Pityophthorus ramiperda Swaine. 1917. p. 28.

(Holotype 9. Quehec. CNC)
Myrlnhorus jivazi Blarkman, 1928. p. 23. (Holo-

type 9, New York. USNM) New Synonymy

When Blackman (1928) described M.
fiiv/zi. he had seen only one autlunitic
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specimen of P. ramiperda. He distin-

guished M. fivazi from P. ramiperda on a

difference of host {fivazi in red pine,

ramiperda in white pine), on its larger

size, and on the more obHque declivity

which had no punctures in the first striae.

Blacknian's specimen of P. ramiperda
must have been in poor condition or

somewhat aberrant. Three of the para-
types of P. ramiperda in the CNC have
no punctures in the first striae on the de-

clivity, and one paratype is only 0.3 mm
smaller than some paratypes of M. fivazi.

No differences could be detected in the de-

clivital shape. The host difference is not

considered significant, since most species

of Pityophthorus occur in several host

species. Blackman's name is therefore

placed in synonymy under P. ramiperda.

Pityophthorus keeni Blackman, n. comb.

Myeloborus keeni Blackman, 1928. p. 19. (Holo-
type [sex?]. California, USNM)

Myeloborus pinquis Blackman, 1928, p. 20. (Holo-
type 9 , Colorado, I'SNM) New Synonymy

The holotypes and paratypes of these

two names have been examined and com-
pared, along with numerous other speci-

mens from western North America. No
meaningful differences could be detected,

even though Blackman (1928) distin-

guishes them in his key, based on minor
differences in pronotal, elytral, and de-

clivital shape. Specimens are now avail-

able that show a complete range of vari-

ation in these characters and account for

the differences noted by Blackman. There-
fore, M. pinquis is placed in synonymy
under P. keeni.

Pityophthorus lautus Eichhoff

Pityophthorus lautus Eichhoff. 1871. p. 135. (Type
destroyed. Amer. bor.. neotype designated
herein)

Pityophthorus rhois Swaine. 1917, p. 26. (Holo-
ts^pe [sex?]. New York. Cornell University')
New Synonymy

Pityophthorus naialis Blackman. 1921, p. 8. (Lec-
totype 9, Mississippi, USNM) New Syn-
onymy

The type of P. lautus Eichhoff was pre-

sumably destroyed in the destruction of

the Hamburg Museum during World War
II. In 1927, Eggers compared a series of

specimens of different species from the
USNM \\ith the various Eichhoff types
of Pityophthorus. These specimens were
returned and are now in the USNM. Mv

concept of P. lautus is based on a speci-

men in the USNM, hereby designated the
Neotype, that bears the data: 7237E,
Hopk. W. Va./Morgantown, W. Va.
/Picea Pityophthorus picea n. sp. Hopk.
5-2-02 ( folded) /8/Pityophthorus lautus
Eichh. m. type in coll. Eichhoff verglei-

chen 1927 (in Eggers's handwriting)
Neotype Pityophthorus lautus Eichhoff,

D. E. Bright, 1977.

The neotype of P. lautus was compared
with the holotype of P. rhois and the lec-

totype of P. natalis. No distinctive dif-

ferences were detected.

Three varieties of /-*. rhois were de-

scribed by Blackman (1928): swainei,
acerni, and hamamelidus. When large

numbers of specimens from different parts

of the range and from different hosts are
examined, the range of variation is seen to

be considerable. The same structural dif-

ferences that Blackman used to distin-

guish the varieties can also be seen in

specimens from other different hosts and
from other localities. Therefore, there is

no basis for continuing to recognize va-
rieties of this species.

Pityophthorus californicus.. n. name

With the submersion of Myeloborus
Blackman into Pityophthorus Eichhoff
(Bright, in press), a homonym was
created between Pityophthorus deleoni
Bright (1966) and Myeloborus deleoni
Blackman (1942). Blackman's name must
remain unchanged and the later name
must be changed. I therefore rename
Pityophthorus deleoni Bright, P. californi-

cus.

Pityophthorus abstrusus. n. sp.

Length 1.7 mm, about 2.9 times longer
than wide.

Female.— Frons slightly flattened on
a subcircular area extending from epis-

toma to upper level of eyes and nearly
from eye to eye, more distinctly flattened

on a circular area in middle; surface

brightly shining, very finely punctured,
the punctures very small except at upper
margin of flattened area and not especial-

ly close; the vestiture sparse and incon-

spicuous, the setae on periphery only very
slightly longer than others. Antennal club

circular, widest through segment 2; su-

tures 1 and 2 very weakly arcuate; first
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2 segments occupy less than half the

total club length.

Pronotum ven' slightly wider than long,

widest behind middle; sides strongly ar-

cuate; anterior margin broadly rounded
with about 6 erect, sharp serrations, the

median ones separate, not joined at bases

to adjoining ones; asperities on anterior

slope sharp, erect, small, arranged in no
apparent order,; summit prominent; pos-

terior area densely punctured, })unctures

deep, of moderate size, close, separated by
a distance equal to distinctly, less than
their own diameters; interpuncture

space dull, densely, minutely reticulate.

Elytra 1.8 times longer than ^de; apex
broadly rounded; striae punctured in reg-

ular rows, punctures rather large, deep,

separated by a distance equal to less than
their diameters; interspaces about as wide
as striae, flat, surface shining; inter-

spaces 1, 3, 5, and alternate ones each
with 2-4 setose punctures. Decliv-

ity convex; interspace 1 narrow, slightly

elevated, bearing a median row of minute
granules and short setae; interspace 2
equal to discal width, flat, very weakly
impressed, surface shining, with minute
lines and points; interspace 3 weakly ele-

vated, very slightly higher than interspace

1, bearing a median row of very minute
granules and short setae; punctures of

striae 1 and 2 reduced but readily visible.

Vestiture sparse, inconspicuous, consisting

of very short, fine, strial setae, each seta

slightly longer than the diameter of the

puncture from which it arises, and slightly

longer, sparser interstrial setae.

Male. — Frons flattened from epistoma
to above upper level of eyes, with a small,

sharp, laterally compressed, toothlike,

longitudinal carina on lower portion just

above the deeplv emareinate epistomal

marefin; remainder of flattened surface
shining, finely punctured. Pronotum,
elytra, and declivity essentially as in fe-

male.

Type material.— The holotype ( o )

and allotype were collected 2'^ miles (42

\m) west of Orizaba. Vera Cruz. Mexico,
on 2Q April 1060 from Pinus sj). by D. E.

Bright rCNC No. I'^OZI).

Both specimeTis are in the CNC.
Adults are recoemized by the small,

toothlike carina on the lower i)art of the

male frons. by the sparse jiubescence on
the weakly, transverseh- im])ressed female

frons, by the small size, and by the dis-

tribution.

This species appears to be closely re-

lated to P. ahsonus Blackman. Adults of

P. abstrusus may be distinguished by the

more distinctly flattened, not concave,

frons of the female; by the sparser pubes-

cence on the female frons; by the more
distinct punctures in striae 1 and 2 on the

declivity; and by the distribution (P.

ahsonus occurs in western North America,
P. abstrusus occurs in southern Mexico).

Pityophthorus anthracinus, n. sp.

Length 1.6-1.9 mm, 3.2 times longer

than wide; color black.

Female. — Frons flattened on a small,

semicircular area extending from epistoma
to above upper level of eyes and laterally

occupying 75 percent of inner ocular dis-

tance; surface of flattened area very
densely, very finely punctured and rather

sparsely covered with moderately long
setae, those on periphery longer and in-

curved; surface lateral to flattened area

dull, punctures larger, more widely sep-

arated. Antennal club small, oval, about
1.3 times longer than wide; first 2 su-

tures transverse, straight; segments 1 and
2 occupy more than half the total club

length.

Pronotum 1.2 times longer than wide,

widest in front of summit; sides parallel

on posterior two-thirds; anterior margin
broadly rounded, bearing about 8 low,

very broad, basally contiguous serrations,

asperities on anterior slope small, low, but
more erect than serrations on anterior

margin, scattered in no apparent order;

summit distinctly elevated; jiosterior por-

tion weakly punctured, the ])unctures of

moderate size but indistinctly impressed,
separated by a distance equal to or less

than their diameters; interpuncture space
densely, minutely reticulate, obscuring
the weakly impressed punctures; median
line narrowly elevated on anterior half,

broadly convex on posterior half.

Elytra 1.0 times longer than wide; apex
weakly acuminate; striae punctured in

regular rows, the punctures of moderate
size, very weakly impressed and appearing
obsolete in some specimens; interspaces

wider than striae, impunctate, very dense-
ly microrugose, and reticulate, this sculp-

turing obscuring the strial punctm'es. De-
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clivity convex, not impressed; interspace

1 distinctly elevated, bearing a median
row of about 6 very small granules and
fine setae; interspace 2 flat to weakly,

broadly sulcate; interspace 3 not or only
very weakly elevated, equal or very nearly
equal in height to 2 and lower than 1,

bearing a median row of 2-4 very
fine granules and setae; remaining alter-

nate interspaces with a few very fine

setae; punctures in striae 1 and 2 not

visible.

Male.— Frons flattened as in female,

surface much more sparsely, deeply punc-
tured and densely, minutely reticulate,

setae absent except for a few along episto-

mal margin. Pronotum, elytra, and de-

clivity essentially as in female, except

punctures on posterior portion of prono-

tum and in elytral striae slightly larger

and deeper, and granules on declivital in-

terspaces 1 and 3 slightly larger.

Type material.— The holotype ( 5 ),

allotype, and 7 paratvpes are labeled:

Cerro Potosi, N. L., Mexico, in-21-1974/
Abies sp./M. M. Fumiss, Hopk. #58614.
The holotype, allotype, and 5 para-

types have been returned to the SLWC.

Bionomics.— Field data obtained by
the collector (M. M. Fumiss, pers. corr.)

indicate that this species was collected

from a shaded-out branch of fir. The gal-

leries were radiate but not typically stel-

late and were found in the small diameter
portion of the branch.

Remarks.— This is a rather nondescript

species that is most easily recognized by
its uniformly black color; by its small size;

by the densely reticulate microsculpturing

of the body surface; by the obscure, weak-
ly impressed punctures on the posterior

portion of the pronotum and in the striae;

and by the host and distribution.

Pityophthorus arconus, n. sp.

Length 1.8-2.4 mm, 2.7-2.8 times longer

than vnde.

Female.— Frons flattened on a broad,

semicircular area extending from the epi-

stomal margin to well above upyier eye
level and laterallv nearly from eye to eye;

surface of flattened area very densely,

minutely punctured and clothed with

dense, long, yello\ATish setae, those on per-

iphery longer and incurved; surface

above and lateral to flattened portion

shilling, smooth, with scattered, deep
j)unctures. Antennal club elongate-oval,

1.6-1.7 times longer than wide, all 3

visible segments about equal in width;

sutures 1 and 2 transverse, heavily chiti-

nized at lateral margins; segments 1 and
2 occupy slightly more than half the total

club length.

Pronotum 1.1-1.2 times longer than
wide, widest on posterior half; sides sub-

parallel on posterior half; anterior margin
broadly rovmded, bearing about 8-10

low, blunt, contiguous serrations; as-

perities on anterior slope arranged into

3 distinct, regular to slightly irregular,

concentric rows, with several additional ir-

regular rows at summit, the asperities in

these rows moderately erect, of moderate
size (larger than serrations on anterior

margin), usually in even rows, but oc-

casionally individual asperities may be off-

set or placed outside the rows; summit
moderately elevated, distinct; posterior

portion densely punctured, the punctures

large, deep, and usually separated by a

distance equal to less than their diameters;

iriterpuncture space brightly shining,

densely marked with numerous very fine

points.

Elytra 1.7-1.8 times longer than wide;

apex weakly acuminate; striae punctured
in regular rows, the punctures very large

(larger than those on posterior portion of

pronotum), deeply impressed, almost

touching; interspaces narrower than

striae, 1 sparsely punctured, 2-4 usually

not bearing punctures or setae, 5, 7, and
9 bearing a few scattered punctures and
setae, these more evident on posterior por-

tion. Declivity sloping; interspace 1 mod-
erately elevated, sHghtly lower than level

of 3, bearing about 6 moderately large,

acute granules, each of these with a long,

fine seta; interspace 2 broadly, moderately
sulcate, surface dull, densely, minutely
reticulate; interspace 3 distinctly elevated,

slightly higher than 1. arcuate, bearing

6 or more moderately large, acute gran-

ules, these equal in .size to those on inter-

space 1 and each bearing a longer, fine

seta; punctures in striae 1 obsolete, in

striae 2 distinct but smaller than those on

disc.

Male.— Frons moderately deeply,

transversely impressed from epistoma to

upper eye level, median portion of upper

margin of impression distinctly elevated.
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forming a subtriangular elevation; surface

of impression deeply, closely punctured
except on a fine, low, longitudinal carina;

surface above impression more deeply
punctured, the punctures larger and closer.

Pronotum, elytra, and declivity similar

to those of female.

Type material.— The holotype ( 9 ),

allotype, and 15 paratypes were collected

in Bear Canyon, Santa Catalina Moun-
tains, Santa Cruz Co., Arizona, on 15

August 1968 from Pinus cembroides by
D. E. Bright (CNC No. 15081). 'Additional
paratypes as follows: 26, 12 miles (20
km) north of Sedona, Coconino Co., Ari-

zona, 13 August 1968, Pinus ponderosa; 7,

same as holotype except host is Pinus pon-
derosa-, and 7, Walker, Yavapai Co., Ari-

zona, 15 August 1968, Pseudotsuga men-
ziesii. all collected by D. E. Bright.

The holotype, allotype, and most of the

paratypes are in the CNC. Additional
paratypes are in the SLWC and the

KESC.

Remarks.— Adults of this species re-

semble certain species related to P. con-

fertus Swaine, but the present species is

placed in an entirely different group based
on the presence of concentric rows of as-

perities on the anterior portion of the pro-

notum. These concentric rows may be
somewhat irregular but nearly always
show evidence of their concentric nature.

Only one specimen of the 24 specimens
examined does not clearly show the con-
centric rows of asperities. P. arcanus is

therefore placed in the species group con-

taining those species related to or similar

to P. virilis Blackman.

Adults of this species are distinguished

by the dense })ubescence on the flattened
female frons; bv the very broad, mod-
erately sulcate, declivital interspace 2, the
surface of which is opacjue and densely,
minutely reticulate; bv the large, distinct

strial punctures; and by the narrow, im-
punctate, discal, elytral interspaces.

Pityophthorus hrevicomntus, n. sp.

Length 2.2-2.5 mm, 2.9 times longer
than wide.

Female.— Frons generally flattened

from epistomal margin to above uf)[)('r lev-

el of eyes, frequently longitudinally in-

flated or elevated in midportion; surface

densely clothed with \evy short, semire-

cumbent, flattened, scalelike setae, these

directed toward midline and seemingly
more abundant and more erect over mid-
line. Antennal club elongate-oval, 1.5

times longer than wide, widest through
segment 2; sutures 1 and 2 transverse;

segments 1 and 2 occupy about two-thirds

of total club length.

Pronotum 1 .2 times longer than wide,
widest at about middle; sides w^eakly ar-

cuate to subparallel; anterior margin
broadly rounded with about a dozen rela-

tively small, contiguous serrations; as-

perities on anterior slope small, acute, iso-

lated, arranged in no apparent order; pos-

terior portion moderately shining, denselv
punctured, the punctures of moderate
size, deep, separated by a distance equal
to or less than their own diameters; inter-

puncture space smooth with numerous
fine lines and points.

Elytra 1.8-1.9 times longer than wide;
apex narrowly rounded to subacuminate;
striae punctured in regular rows, the

punctures of moderate size, fairly shallow,

separated by a distance equal to about
half of their own diameters; interspaces

about twice as wide as striae, surface

moderately shining, rather densely micro-
reticulate to sub-rugulose, interspaces 3,

5, 7, etc., each bearing a median row of

widely scattered, setiferous punctures, 2
with a median row of setiferous punc-
tures near declivity. Declivity sloping; in-

tersnace 1 distinctlv elevated above 2,

slightly lower than level of 3. with a me-
dian row of numerous, close, distinct gran-
ules; interspace 2 flattened, slightly sul-

'ate, only slightlv wider than discal width,
sometimes bearing 3 or 4 setiferous

punctures on upper level; interspace 3

pioderatelv elevated, higher than 1, with
a median row of distinct ])unctures; pimc-
tures of striae 1 and 2 obsolete or, if visi-

ble, then i7iuch smaller and shallower than
on fjisc Vestiture consisting of short, hair-

lik(\ strial setae and slightly longer, inter-

atrial setae, the interstrial setae distinctly

lontrer on declivital interspaces 3 and 5.

Male.- Frons flattened to weakly,
transverselv impressed from epistoma to

upj)er level of eves, divided bv a distinct,

low, loniritudinal carina; surface on each
side of carina with distinct, abundant
punctures. Pronotum atid elvtra essential-

Iv as in feinal(^ excef>t (^htral ajiex slightly

i
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more broadly rounded; declivital inter-

space 2 more deeply sulcate; declivital in-

terspace 3 distinctly higher than inter-

space 1 and with granules slightly larger,

occasionally with inner sloj)e of the de-

clivital interspace 2 bearing row of very
short, flattened, scalelike to spatulate se-

tae; and with all declivital interstrial setae

stouter than in the female.

Type m.aterial.— The holotype ( $ ),

allotype, and 11 paratypes were collected

on Cerro Potosi, Nuevo Leon, Mexico, on
4 May 1971 from Pinus strobiformis at

an elevation of 11,500 feet (3,500 m) by
D. E. Bright (CNC No. 13731).
The holotype, allotype, and most of the

paratypes are in the CNC. Additional
paratypes are in the SLWC and the

KESC.

Remarks.— This very pretty species is

closely related to P. furnissi Bright. See
the discussion under that species for re-

marks on the differences between the two
species.

Pityophthorus dispar, n. sp.

Length 2.4-3.1 mm, 2.4-2.6 times longer

than wide.

Female.— Frons broadly flattened to

weakly, transversely impressed on a semi-

circular area from epistoma to upper level

of eyes; surface obscurely punctured, the

punctures small, shallow, usually vaguely
defined; a weakly elevated, impunctate
callus present on midpoint of epistoma;
vestiture moderately abundant, consisting

of long, yellowish setae, each arising from
a puncture; all setae of nearly equal
length, except those on periphery may be
slightly longer and incurved; epistomal
margin deeply emarginate. Antennal club

elongate-oval, 1.4 times longer than wide,

widest through segment 2; suture 1 weak-
ly arcuate, 2 more strongly so; first 2
segments occupy about half the total club

length.

Pronotum about as long as wide or

slightly wider than long, widest at pos-

terior angles; sides weakly arcuate, con-

verging anteriorly; anterior margin rather

narrowly rounded, bearing 6-8 very low.

broad, indistinct serrations; asperities on
anterior slope low. broad, very numerous,
becoming almost granulate on and toward
summit, scattered in no apparent order;

summit located behind middle of disc, not

elevated; posterior area not transversely
imj)ressed behind summit, densely, deeply
punctured, the punctures usually sepa-

rated by a distance equal to less than their

own diameters; interpuncture space dull,

densely microreticulate; median line

broad, imj)unctate, weakly elevated, fre-

quently with a very weakly impressed,

longitudinal, median impression.

Elytra about 1.5 times longer than
wide; apex broadly rounded; striae and
interstriae densely, deeply punctured,
usually in definite, discernable rows; all

punctures equal or nearly equal in size

and depth; interstrial punctures numer-
ous, each bearing a moderately long, hair-

like seta; setae arising from strial punc-
tures very short, about equal in length to

diameter of puncture. Declivity convex,

steep; interspace 1 slightly elevated, with
a median row of fine setae as on disc;

interspace 2 flat, not widened, weakly
impressed, impunctate; interspace 3 weak-
ly elevated, about equal in height to 1,

with a median row of setose punctures as

on disc; punctures of striae 1 and 2 vague,

indistinct, only moderately to weakly
impressed.

Male.— Frons convex from about mid-
point to vertex with a distinct, strongly

elevated, toothlike median callus located

below midpoint and overlapping the nar-

row, deeply impressed epistoma; epistoma
below callus densely fringed with moder-
ately long, yellowish setae and with a nar-

row^, arcuate impression immediately
above and around callus; epistomal mar-
gin deeply emarginate; surface above
callus densely, deeply punctured, micro-

reticulate between punctures. Pronotum,
elytra, and declivity essentially as in

female.

Type material.— The holotype ( 9 ),

allotype, and 8 paratypes were collected

7 miles (4.5 km) east of San Cristobal,

Chiapas, Mexico, on 13 May 1969 from
twigs of Pinus montezumae by D. E.

Bright (CNC No. 13727). Eight addi-

tional paratypes are from the same locali-

tv, collected on 26 Mav 1969 from Pinus
sp.; 1 paratype was collected 8 miles (13

km) east of San Cristobal, Chiapas. Mexi-
co, on 30 Mav 1969 from Pinus monte-
zumae- 1 paratype same as above except

date is 6 .Tune 1969 and the host is Pinus
ochnterenai; and 1 paratype is from 5

miles (8 km) east of San Cristobal, Chi-
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apas, Mexico, collected on 8 July 1969
from Pinus sp.; all above collected by
D. E. Bright.

The holotype, allotype, and most of the

paratypes are in the CNC. Additional

paratypes are in the SLWC and the KESC.

Remarks.— This species is easily recog-

nized by the peculiar frons of the male
(see description), by the vague punctures
in declivital striae 1 and 2, by the abun-
dant interstrial setae, and by the broadly
flattened to weakly, transversely im-
pressed female frons.

Pityophthorus elimatus, n. sp.

Length 2.0-2.2 mm, 2.8 times longer

than wide.

Female.— Frons arcuately flattened

from epistoma to above upper level of

eyes and from eye to eye or very shallow-

ly, broadl}^, transversely impressed on an
arch from eye to eye, the impression fre-

quently divided by a weak, longitudinal

carina; surface of flattened area shining,

finely and densely punctured, the punc-
tures shallow and indistinct; vestiture very
sparse. Antennal club elongate-oval, 1.2-

1.3 times longer than wide; widest
through segment 2; sutures 1 and 2 trans-

verse; first 2 segments occupy slightly

more than one-half of the total club
length.

Pronotum about 1.1 times longer than
wide, widest at about middle; sides weakly
but distinctly arcuate; anterior margin
broadly rounded with about a dozen mod-
erately sized, basally contiguous serra-

tions; asperities on anterior slope of

moderate size, erect, and placed in no
apparent order; summit high; posterior

area moderately shining, the punctures
rather large, deep, and almost touching;
interpuncture space smooth with fine

points and /or lines.

Elytra 1.8-1.9 times longer than wide;
apex somewhat narrowly rounded; striae

punctured in regular rows, the punctures
large, deep, and very close, almost touch-

ing; interspaces weakly convex or flat-

tened, as wide as or slightly narrower
than striae, surface moderatoh" shining,

minutely reticulate, impunctate on disc.

Declivity evenly convex; interspace 1

weakly elevated, with a median row of

very fine setose granules; interspace 2 as

wide as 1, not wider than discal width.

and at most very weakly impressed; in-

terspace 3 not elevated or only very slight-

ly so, bearing a median row of very fine

setose granules; surface of interspaces

minutely reticulate, moderately dull;

punctures of striae 1 and 2 easily visible,

about equal in size to those on disc. Vesti-

ture confined to declivital region; inter-

spaces 1, 3, 5, 7, etc., each with a median
row of fine, hairlike setae, those in inter-

space 1 much shorter than those in other

interspaces; a very short seta also arises

from each strial puncture on disc and
declivity.

Male.— Frons convex, very weakly
impressed on each side of the moderately
elevated, longitudinal carina that ex-

tends from epistoma to about half the

distance to the upper level of the eyes;

surface moderately dull, minutely reticu-

late with shallow punctures scattered on
each side and above carina except on an
oval, frequently very weakly elevated

area just above the longitudinal carina;

vestiture sparse, inconspicuous, the setae

frequently longer on lateral margins of

flattened area. Pronotum and elytra es-

sentially as in female except declivital

granules slightly larger.

Type material.— The holotype ( 9 ),

allotype, and 10 paratypes were collected

51 miles (85 km) northwest of Oaxaca,
Oaxaca, Mexico, on 10 Mav 1971 at an
elevation of 7500 feet (2300 m) from
Qucrcus sp. by D. E. Bright (CNC No.
15082).

The holotype, allotype, and most of the

paratypes are in the CNC. Additional
paratypes are in the SLWC and the KESC.

Remarks.^— Pityophthorus elimatus
seems most similar to P. segnis Blackman
and P. suhopacus Blackman. but the adidts

of P. elimatus are distinguishable by their

larger size, by the different sculpturing
of the frons of both sexes, and by the

more strongly, deeply, and more closely

punctured posterior portion of the

jironotum.

The host label, "Qucrcus sp.," on the

specimens is questionable. If this is the

true host, then P. cliruatus is the only spe-

cies of this group of species known to oc-

cur in a deciduous tree. The species re-

lated to this species occur in Pinus sp.

and it is reasonable to assume that P.

elimatus is no exception.
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Pityophthorus furnissi, n. sp.

Length 2.0-2.5 mm, 3.0 times longer

than wide.

Female.— Frons very broadly flat-

tened on a very large area extending from
epistoma to well above upper level of

eyes, frequently weakly elevated on a

longitudinal, median line and weakly im-
pressed on each side of elevation; surface

of flattened area very densely, minutely
punctate and appearing almost subgranu-
late, clothed with fine, short to moderately
long, yellowish setae, those on median,
longitudinal elevation or on a longitudinal,

central portion appearing longer and
more densely placed. Antennal club

small, nearly circular, about 1.1 times

longer than wide, widest through seg-

ments 2 and 3; sutures 1 and 2 transverse,

rather strongly chitinized at lateral mar-
gins; segments 1 and 2 occupy more than
half the total club length.

Pronotum about 1.1 times longer than
wide, widest at posterior angles; sides

weakly arcuate, weakly converging; an-

terior margin narrowly rounded with
about a dozen rather large, erect serra-

tions; asperities on anterior slope smaller

than serrations, erect, scattered in no ap-

parent order; summit high; posterior por-

tion densely punctured, the punctures
large, deep, almost touching or at least

separated by a distance less than their

diameters; interpuncture space moderate-
ly shining to dull, densely, minutely
reticulate; median line broad, impinictate.

Elytra 2.0 times longer than wide; apex
narrowly rounded to subacuminate; striae

punctured in regular rows, the jumctures
about equal in size to those on ])osterior

portion of pronotum. shallow, almost
touching; interspaces about as wide or

wider than striae, all (except first) usually

impimctate. but 3 and sometimes 5 mav
bear one or two setose punctures. Declivi-

ty convex; interspace 1 distinctly ele^'ated,

equal in height to 3. bearing a median row
of numerous small granules, each bearing

a short, erect seta; interspace 2 weakly
impressed, not wider than discal width.

bearing a median row of scattered fine

granules and setae; interspace 3 weaklv
elevated about as high as 1. bearing rather

numerous scattered granules and setae,

these not always in an even row; a vague
area lateral to interspace 2 is roughlv.

randomly punctured, setose, and granu-

late, strial punctures obsolete in this area;
punctures in striae 1 and 2 usually dis-

tinct, only slightl}' smaller than those
on disc.

Male.— Frons weakly transversely
impressed or flattened on an area from
epistoma to upper level of eyes; a distinct,

short, transverse, median carina usually
present on upper margin of impression; a
weakly to moderately elevated, longitudi-

nal carina e.xtending from epistomal mar-
gin across transverse impression to the
more pronounced transverse carina. Pro-
notum and elytra essentially as in female
except punctures larger and deeper.
Declivity convex, weakly impressed; in-

terspace 1 weakly elevated, with a median
row of numerous, very close granules;
interspace 2 weakly sulcate, with scattered

granules; median area lateral to inter-

space 2 weakly elevated slightly higher
than interspace 1, and densely punctate,
granulate, and setose; sometimes this ele-

vated portion extends into interspace 2,

causing interspace to be narrowed; strial

punctures obsolete.

Type material.— The holotype ( 9 ),

allotype, and 9 paratypes are labeled:

Amecameca, Mexico, III-17-'54/Pinus

hartwegii/R. L. Furniss, collector/Hopk.
U.S. 33327 D.

The holotype, allotype, and most of the
paratypes are in the USNM. Additional
paratypes are in the CNC (No. 15064)
and the SLWC.

Remarks.— This species is closely re-

lated to P. brcricomalus. Females may be
distinguished by the very broadly flat-

tened frons that frequently bears a low,

elongate, median, longitudinal elevation.

The frons is then weakly biconcave on
each side of the median elevation, and
the setae are longer and denser on or
near the elevation. The male frons bears
a distinct longitudinal and transverse

carina; the transverse carina is more
strongly elevated. The declivity of both
sexes is similar. The lateral elevations are

convex and broadly, weakly elevated and
include all interspaces lateral to inter-

space 2. The surface of the elevation is

densely, randomly punctured, granulate,

and setose. The strial punctures are deep
and distinct on the elytra but are much
reduced and obsolete in this elevated

declivital area. This elevated region is
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slightly higher and more distinct in the

male.

Pityophthorus germanus, n. sp.

Length 2.8 mm, 2.8 times longer than

wide.

HoLOTYPE ( cT ) .— Frons largely con-

cealed by pronotum; visible surface con-

vex, shining, cfosely and deeply punctured
except for a longitudinal smooth space

above epistomal margin, the lateral punc-

tures separated by a distance equal to

about half their diameters. Antennal club

elongate oval, 1.7 times longer than wide,

widest through segment 2; sutures 1 and
2 weakly arcuate; segments 1 and 2 oc-

cupy less than half the total club length.

Pronotum 1.1 times longer than wide,

widest behind summit; sides moderately
arcuate; anterior margin rather narrowly
rounded with about a dozen rather large,

basally contiguous serrations; asperities on
anterior slope of moderate size, arranged
into three definite, nearly even, concen-

tric rows with two more broken, indefinite

rows around summit; summit only weakly
elevated; posterior portion densely punc-
tured, the punctures large, deep, and sepa-

rated by a distance nearly equal to, to

much greater than, their own diameters;

interpuncture space smooth, shining,

densely micropunctate.

Elytra 1.5 times longer than wide; apex
truncate, bisinuate; striae punctured in

regular rows, the pimctures large, deep,

usually separated by a distance equal to

less than their own diameters; interspaces

weakly convex, more than twice as wide
as striae; surface brightly shining, smooth,
with a few punctures in each, these equal

in size and depth to those in striae.

Declivity deeply sulcate; interspace 1

deeply impressed, distinctly elevated

above 2, bearing a median row of small

but prominent, setaceous granules; inter

space 2 deeply sulcate, narrow at com-
mencement of declivity, widened on face

to equal the discal width, smooth except

for several setaceous granules at apex;

interspace 3 much higher than interspace

1, with abundant, prominent granules

along summit and scattered on uj)per level

of the steeply precipitous inner slope;

punctures of striae 1 and 2 prominent,
about equal in size and depth to those in

striae 1 and 2.

Female.-— Unknown.

Type material.— The holotype ( cT

)

was collected 92 miles (154 km) north of

Oaxaca (along Highway Oaxaca 175),

Oaxaca, Mexico, on 8 May 1971 at an
elevation of 3000 feet (910 m) by D. E.

Bright at black light.

The holotype is in the CNC (No.

15083).

Discussion.— This species is related to

P. ohtusipcnnis Blandford, but it is larger

in size, the declivital interspaces are more
strongly elevated and bear smaller but

more abundant granules, and the antennal
sutures are weakly arcuate, not straight

as in P. obtusipennis

.

Pityophthorus inediius, n. sp.

Length 1.9 to 2.2 mm, 2.8 to 2.9 times

longer than wide.

Female.— Frons broadly flattened

nearly from eye to eye and from epistoma

to well above upper level of eye, weakly
concave on a small median area; surface

rather brightly shining, with widely sepa-

rated, fairly deep punctures, these more
abundant around the indented peripheral

margin; vestiture consisting of abundant,
long, incurved setae around margin and
shorter, much less abundant setae over

remainder of flattened area. Antennal
club about 1.3 times longer than wide,

widest through segment 3; suture 1 arcu-

ate, 2 more strongly so; segment 1 and 2
occupying about half the total club

length.

Pronotum almost as long as wide,

widest behind summit; sides rather broad-

ly arcuate; anterior margin broadly

rounded with about four small seiTations

confined to median area; as])erities on
anterior slo])e small, numerous, closely

placed; area betweeu asperities smooth,

shining; f)osterior portion with close, deep

punctures, these separated by a distance

usually equal to or less than their own
diameters; interpuncture space minutely
reticulate, dull.

Elytra 1.7 times louTor than wide; apex
narrowh- rounded; stria! punctures close,

deeply jmpress(>d, giving ai^pearance of

the striae being impressed; interspaces

about twice as wide as striae, weakly
con\ex; surface smooth, shining, with

very faint, minute lines or scratches and
sometimes 1 or 2 punctures, these
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equal in size to those in striae. Declivity

convex; interspace 2 weakly impressed,
glabrous, impunctate; interspaces 1 and 3

distinctly but weakly elevated, 3 more so,

each with a median row of fine granules;

interspace 9 elevated and distinctly joined

to 3 just before ape.x; strial punctures
distinct, somewhat smaller than on disc,

impressed. Vestiture mostly confined to

declivity, consisting of very long setae on
interspaces 3, 5, 7, 9, those on 3 as much
as 3.0 or more times longer than inter-

strial width, a few very short interstrial

setae on disc; strial setae absent.

Male.— Frons rather deeply, trans-

versely impressed, more so on lateral

areas; median carina elevated just above
epistomal margin, reduced to a line or

crease above this; surface on each side of

carina closely, densely punctured with
abundant long setae. Pronotum as in fe-

male except punctures on posterior portion

larger, deeper, and closer. Elytra as in

female except strial punctures occasional-

ly somewhat larger; declivity with inter-

spaces 3 and 9 not as strongly elevated,

junction more obscure, interstrial granules
smaller or absent.

Type material.— The holotype ( 9 ),

allotype, and 23 paratypes were collected

32 miles (53 km) south of Valle Nacional,
Oaxaca, Mexico, 7000 feet (2100 m) ele-

vation, on 21 May 1971 from Pinus sp.

by D. E. Bright (CNC No. 16084). Six

additional paratypes were collected 1

mile (2 km) west of Las Vigas, Vera
Cruz, Mexico, on 5 July 1967 from Pinus
sp. by S. L. Wood, and 4 paratypes were
collected 7 miles (11.5 km) southeast of

Las Vigas, Vera Cruz, Mexico, on 18

December 1948 by H. B. Leech.
The primary type and most of the para-

types are in the CNC. Additional para-

types are in the SLWC and the KESC.

Remarks. ^— P. ineditus is closelv re-

lated to P. diglypus Blandford and P. gla-

hratulufi fSchedl). Adults differ from P.

diglypJius by the more weakly elevated,

longitudinal carina on the male frons,

by the smaller body size, and by the

usually longer setae on the declivital in-

terspaces of the elytra. From P. glahra-

tulus, adults of P. ineditus may be distin-

guished bv the much longer declivital

setae, by the very slightly smaller average
body size, and by the more deeph'. trans-

versely impressed male frons.

Pityophttiorus litos, n. sp.

Length 1.6-1.7 mm, about 2.8 times
longer than wide.

Female.— Frons flattened on a semi-
circular area extending from eye to eye
and from epistoma to slightly above up-
per level of eyes; surface shining, densely
punctured, the punctures small, very
close; vestiture abundant, consisting of

long, yellowish setae scattered over sur-

face, those setae on periphery much longer
and incurved but not more abundant. An-
tennal club oval, 1.2-1.3 times longer than
wide, widest through segment 3; segment
1 slightly narrower than 2; sutures 1 and
2 weakly arcuate; first 2 segments occupy
slightly less than half the total club length.

Pronotum about as long as wide, widest
behind middle; anterior margin rather

narrowly rounded with about half a dozen
small, inconspicuous, nearly contiguous
serrations; asperities on anterior slope

small, erect, acute, scattered in no appar-
ent order; summit fairly high; posterior

area opaque, the punctures distinct, rather

deep, and moderately large, separated by
a distance equal to or less than their own
diameters; interpuncture sj)ace densely,

minutely reticulate; median line occasion-

ally ver}' weakly elevated.

Eltyra about 1.7 times longer than wide;
apex broadly rounded; striae f)unctured in

regular rows, the punctures rather large,

deep, separated by a distance less than
half their diameters, and each bearing a

short semierect seta; interspaces equal to

or slightly wider than striae, surface mi-
nutely reticulate, interspaces 1, 3, 5, 7,

9 sparsely ])unctured and setose, the setae

longer and more erect than those in striae;

interspace 9 not elevated. Declivity con-
vex; interspace 1 broad, slightly elevated,

with a median row of very fine granules;

interspace 2 about as wide as on disc,

slightly but distinctly impressed, smooth,
shining; interspace 3 not elevated but
slightly higher than 1, with a median row
of fine granules, these larger than those

on 1 , each granule with a long seta arising

from the posterior base; punctures of

striae 1 and 2 visible but reduced in size,

those in striae 1 more deeply impressed.

Male.— Frons convex, divided by a

very fine, weakly elevated, longitudinal

carina extending from the epistoma to the

upper level of eyes; surface densely.
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deeply, rather roughly punctured, with

a few fine granules between the punc-

tures; vestiture inconspicuous. Pronotum
and elytra essentially as in female, ex-

cept
.
punctures on pronotum and elytra

larger and deeper.

Type material.— The holotype ( 9 ),

allotype, and 6 paratypes were collected

25 miles (42 km) west of Orizaba, Vera
Cruz, Mexico on 29 April 1969 from
Pinus sp. by D. E. Bright (CNC No.

15085).

The holotype, allotype, and most of the

paratypes are in the CNC; additional para-

types are in the SLWC.

Remarks.— This is a rather nondescript

species which can be recognized by the

narrow first antennal segment; by the

convex male frons which is divided by a

weakly elevated, longitudinal carina; by
large and deep punctures and the densely,

minutely reticulate interpuncture surface

of the posterior portion of the pronotum;
and by the row of very fine granules on
declivital interspaces 1 and 3.

Pityophthorus megas, n. sp.

Length 3.1-3.9 mm, 3.1-3.2 times longer

than wide.

Female.— Frons weakly flattened on

a relatively small area extending from
epistomal margin to just above upper level

of eyes and laterally occupying about 77

percent of the inner ocular distance; sur-

face of flattened area very densely, finely

punctured, except on a small, impunctate,

median circular area just above epistomal

margin; the entire flattened area clothed

with moderately long setae which are all

generally equal in length; the periphery

of the flattened area generally strongly

indented, punctures larger and dee})er;

surface lateral to and above pubescent

area with scattered deep punctures. An-
tennal club large, oval, 1.3 times longer

than wide, widest through segment 3;

sutures 1 and 2 broadly arcuate, 2 more
strongly so; segments 1 and 2 occupy
about half the total club length.

Pronotum 1.1-1.2 times lougt^r than

wide, widest slightly behind level of sum-
mit; sides weakly arcuate to subparallol

on posterior half; anterior margin broadlN'

rounded, bearing about a dozen rather

large, broad, basally contiguous serrations;

asperities on anterior slope large, erect,

acute, scattered in no apparent order;

summit distinct, moderately elevated; pos-

terior area densely punctured, the punc-

tures large and deeply impressed, sep-

arated by a distance equal to or less than

their diameters; interpuncture space mod-
erately shining, with numerous very fine

points scattered between the punctures;

median line broad, narrowly elevated just

behind summit.

Elytra about 1 .8 times longer than wide;

apex weakly acuminate; striae punctured
in fairly regular rows, the punctures very

large, deeply impressed, and close, each

bearing a moderately long, fine seta; in-

terspaces about as wide as striae, each

with a median row of large, deeply im-

pressed punctures, each of these bearing a

long, fine seta that is longer than those

arising in strial punctures; punctures in

striae and interstriae of equal size and
depth and somewhat randomly placed,

giving the appearance of a totally ran-

domly punctured elytra; interspaces dis-

cernable because of the longer setae aris-

ing from interstrial punctures. Declivity

moderately sulcate, steep; interspace 1

rather strongly elevated, slightly lower

than 3, bearing a median row of about

5 large, acute granules, each bearing

a long fine seta; interspace 2 broadly

widened, flat, distinctly impressed, sur-

face moderately shining, densely micro-

reticulate; interspace 3 moderately ele-

vated on upper half, slightly higher than

1, and bearing a median row of about 5

large, acute granviles, each bearing a long

fine seta; remaining interspaces bearing

a row of long, fine setae; punctures in

striae 1 and 2 much reduced and almost

obsolete.

Male.— Frons deeply, narrowly,

transversely impressed, the U]i])er margin
of impression strongly elevated, lateral

and lower margins distinctly elevated but

less so than upper; surface of impression

densely punctured, the jiunctures of mod-
erate size, abundant setae of moderate
length but shorter than setae on ejiistomal

margin. Pronotum, elytra, and declivity

csscntialh' as in female except declivital

interspace 1 devoid of granules except at

(onnnencement of declivity and at ex-

treme apex, 2 more deeply sulcate, and 3

more strongly elevated and granules

larger.
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Type material.— The holotype ( 9 ),

allotype, and 10 paratypes were collected

on Cerro Potosi, Nuevo Leon, Mexico, on
4 May 1971 at an elevation of 11,500
feet (3500 m) from twigs of Pinus cul-

minicola by D. E. Bright (CNC No.
15066).
The holotype, allotype, and most of the

paratypes are in the CNC; additional para-

types are in the SLWC and the KESC.

Remarks.— This is one of the largest

species in the genus, measuring up to

nearly 4.0 mm in length. Adults can be
easily recognized by the densely punc-
tured elytra on which striae and inter-

striae are difficult to discern; by the

deeply, transversely impressed Irons of

the male; by the relatively small, flat-

tened, pubescent, median portion of the

female frons; by its size; and by the host.

This species has only been found in the

endemic Pinus culminicola at the summit
of Cerro Potosi in northeastern Mexico.
P. megas is probably endemic to that area.

Pityophthorus minus, n. sp.

Length 1.9-2.0 mm, about 2.8 times
longer than wide.

Holotype ( ? )
.— Head largely with-

drawn into prothorax; frons appears flat-

tened and sparsely pubescent; median
carina not present. Antennal club elon-

gate-oval, about 1.2 times longer than
wide, widest through segment 2; sutures

1 and 2 nearly transverse, very weakly
arcuate; segments 1 and 2 occupy at least

two-thirds of total club length.

Pronotum about 1.1 times longer than
wide, widest at about middle; sides ar-

cuate; anterior margin broadly rounded
with 8 low, erect, nearly contiguous
serrations; asperities on anterior slope

small, low. scattered in no apparent order;

summit high; ])osterior area dull, punc-
tures shallow, obscure, separated by a dis-

tance greater than their diameters; inter-

puncture space densely, minutely retic-

ulate.

Elytra about 1.9 times longer than
wide; apex broadly rounded; striae punc-
tured in regular rows, the punctures
somewhat obscure, shallow, close, almost
touching; interspaces about as wide as

striae or slightly narrower, surface dull,

minutely reticulate, impunctate. Declivi-

ty strongly convex; interspace 1 very

weakly elevated, devoid of granules; in-

terspace 2 convex; 3 unmodified, devoid
of granules; punctures in striae 1 and 2
very faint, very small, and shallow. Ves-
titure inconspicuous, consisting only of

very fine, very short, strial setae.

Male.— Frons weakly convex, divided

by a fine, low, longitudinal, median ca-

rina; surface moderately dull, minutely
reticulate, and very weakly punctured,
the punctures widely scattered. Pronotum
essentially as in female except serrations

on anterior margin more erect, sharper,

and longer. Elytra as in female except
punctures in declivital striae 1 and 2
slightly more obvious and visible.

Type material.— The holotype ( $ )

and allotype were collected at Hannagan
Camp, Greenlee Co., Arizona on 11 July
1968 by D. E. Bright (CNC No. 15086).
Both type specimens are in the CNC.

Remarks. —Adults of this species are

most easily distinguished by the very
convex elytral declivity, by the obscure
strial punctures on the first and second
declivital striae, and by the obscure
punctures on the posterior portion of the

pronotum.
This species is placed in the group that

contains P. segnis Blackman, P. subopacus
Blackman, P. elimatus Bright, and several

additional undescribed species, based on
the reticulate, flattened, carinate male
frons.

Pityophthorus occlusus, n. sp.

Length \A-\.7 mm, about 3.0 times
longer than wide.

Female.— Frons convex, weakly flat-

tened on area below upper level of eyes;

a weakly elevated, median callus is fre-

quently evident at upper level of eyes,

and a very weak longitudinal elevation

is sometimes evident extending from epis-

tomal margin to the callus (if present),

this elevation frequently interrupted in

middle by a very weak, transverse im-
pression; surface rugose, rather strongly

punctured; vestiture inconspicuous. An-
tennal club oval, 1.4-1.5 times longer than
wide, widest through segment 3; sutures

1 and 2 weakly arcuate, usually not dis-

tinctly visible; segment 1 narrower than

2; segments 1 and 2 occupy about one-

third of total club length.
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Pronotum 1.2 times longer than wide,

widest at middle; sides subparallel to

weakly arcuate on basal half; anterior

margin broadly roimded with 6-10

low, .small, basally contiguous serrations;

asperities on anterior slope somewhat
larger, more erect, generally isolated but

may be basally contiguous, especially on
lateral areas, arranged into 4 concen-

tric rows with 1 or 2 indistinct con-

centric rows at summit; summit weakly
elevated, transverse impression behind
summit weak; posterior portipn moder-
ately punctured, the punctures rather

small, moderately impressed, separated

by a distance equal to or less than their

diameters; interpuncture space brightly

shining, rather densely micropunctate;
median line very narrow, very feebly ele-

vated.

Elytra 1.7 times longer than wide;

apex almost truncate; striae punctured
in regular rows, the punctures very
large (much larger than those on pos-

terior portion of pronotum), separated by
a distance equal to less than their diam-
eters; interspaces narrower to slightlv

wider than striae, brightly shining, with
numerous very fine lines and points. De-
clivity weakly bisulcate; interspace 1

rather strongly elevated, impressed slight-

ly below level of interspace 3, bearing a

median row of 5 or 6 moderately
large, acute granules; interspace 2 flat,

about as wide as discal width, slightly

impressed below 1 and 3; interspace 3

moderately elevated, bearing a median
row of 6-8 moderately large, acute

granules, these larger than those on inter-

space 1 ;
punctures in striae 1 and 2 dis-

tinct, equal in size or only very slightly

smaller than those on disc. Vestiture in-

conspicuous, consisting of moderately
long interstrial setae on posterior one-

fifth of elytra.

Mat-k.- Virtually indistinguishable

from female except by abdominal seg-

mentation.

Type mati-.hiat,.-- The holofype ( 9 ),

allotype, and 19 paratvpes were collected

at Yuscaran, Paraiso. Honduras, on 23
April 1964 at an elevation of 2400 feet

(730 m), from Pinus carihaca by S. T>.

Wood. Additional i)aratvpes were col-

lected at: 10, San I^ucas, Paraiso, Hon-
duras, on 22 April 1964 from Pinus
nornrpn by S. \j. Wood; 2, 26 mile; ("42

km) southeast of Nochixtlan, Oaxaca,
Mexico, on 17 June 1967 from Pinus sp.

by S. L. Wood; and 3, Laguna Sta. Maria.
N., Mexico, on 6 July 1975 from Pinus
sp. at an elevation of 3000 feet (910 m)
by S. L. Wood.

The holotype, allotype, and most of the

paratypes are in the SLWC. Additional

paratypes are in the CNC (No. 15087)
and the KESC.

Remarks. —^This species belongs in a

group of species that is almost exclusively

found in nonconiferous hosts. It does not

appear to be closely related to any of the

presently described species.

The large, distinct granules on the first

and third declivital interspaces, the large

strial punctures, the concentric rows of

pronotal asperities, the distinct punc-
tures in declivital striae 1 and 2, and the

rugose frons of both sexes should distin-

guish this species.

Pityophthorus recens. n. sp.

Length 1.9-2.1 mm, 2.8-2.9 times longer

than wide.

Female.— Frons distinctly, strongly

convex, mav be narrowly, transversely

impressed or flattened just above episto-

mal margin; surface glabrous, very
densely granulate-punctate on a large,

median, subcircular area extending from
epistomal margin to near upper level of

eyes, the punctures in this area very
small and very close, interpuncture

spaces weaklv elevated and shining; a

very small, median, smooth, epistomal

callus or longitudinal elevation is fre-

quentlv present just above epistomal

margin; surface above and lateral to this

[lunctate-granulate median area smooth
and shining, bearing large, deep, usually

separated [)unctures. Antennal club oval,

1.3 times longer than wide, widest

through segment 2; sutures 1 and 2 very
weakly arcuate to transverse; segments 1

and 2 ocrupv one-half or more of total

club length.

Pronotum 1.1 times longer than wide,

widest near f)Osteri()r angle; sides sub-

[)arallel to weaklv arcuate; anterior mar-
gin broadlv rounded. bearin'T; about a

do/en (n'cct, moderately large, basally

contiguous serrations; asperities on anter-

ior slope low, erect, varying from small to

modoratel's- large, scattered in no apparent
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order; summit low but distinct; posterior

portion finely punctured, the punctures
small, rather deep, and separated by a

distance at least twice their own diam-
eters; interpuncture space brightly shin-

ing, smooth with numerous fine, im-
pressed points; median line broad.

Elytra about 1.8 times longer than
wide; apex broadly rounded; striae punc-
tured in regular rows, the punctures
slightly larger than those on posterior

portion of pronotum, dee})ly impressed,
and usually separated by a distance equal
to or less than their diameters; inter-

spaces about twice as wide as striae, sur-

face shining and bearing dense, fine lines,

interspaces 1, 3, 5, 7, and 9 bearing a few,
widely scattered, setose punctures, these

smaller and shallower than those in striae.

Declivity steep; interspace 1 moderately
elevated, as high as ^, bearing a median
row of fine granules; interspace 2 wider
than discal width, moderately sulcate,

surface shining, with fine reticulation as

on disc; interspace 3 weakly elevated,

equal in height to 1, with a median row
of fine granules; [)unctures in striae 1 and
2 obsolete, not visible; vestiture in inter-

spaces 1, 3, 5, 7, and 9 fine, long.

Male.— Frons strongly convex, evenly,
densely punctured over entire surface,

the punctures of moderate to large size,

rather deep and close; a very fine, me-
dian, longitudinal elevation is present on
epistoma. Pronotum and elytra essentially

as in female except punctures somewhat
stronger and microsculpturing of jwsterior

portion of pronotum and elytral inter-

spaces denser. Declivity as in female ex-

cept granules on interspaces 1 and 3

slightly stronger and interspace 2 slightly

more deeply impressed.

Type material.— The holotype ( 9 ),

allotype, and 4 paratypes were collected

at Pine Pass, British Columbia, on 1 1 July
1972 from Picea sp. bv D. E. Bright

CCNC No. 15088). Two "additional para-
types were collected at Rampart House.
Yukon Territory, on 24 May 1951 by J.

E. H. Martin.
^

The holotype, allotype, and four para-

types are in the CNC; one ])aratype each
is in the SLWC and the KESC.

'

Remarks.— Adults of this species are

readily recognized by the very densely
granulate-punctate median portion of the

strongly convex female frons, by the
small, widely separated j)unctures on the
posterior portion of the pronotum, and by
the fairly dense microsculpturing on the

elytral interspaces and on the pronotum.

Pityophthorus siouxensis, n. sp.

Length 2.9-3.1 mm, 2.7-2.8 times longer
than wide.

Female.^— Frons weakly, transversely
flattened on a somewhat arcuate area ex-

tending from epistomal margin to upper
level of eyes, this area finely, densely,

shallowly punctured and divided by a

prominent, sharply elevated, longitudinal

carina; surface of this arcuate flattened

region convex, much more strongly and
deeply j)unctured, the punctures quite

large and almost touching; vestiture in-

conspicuous, confined to flattened region

above epistoma, consisting of short, erect

setae scattered over surface, setae much
shorter or absent on area above flattened

region. Antennal club large, nearly cir-

cular, about 1.1 or less times longer than
wide, widest through segment 3; sutures

1 and 2 weakly arcuate, devoid of chiti-

nous septa; segments 1 and 2 narrow, and
occupy less than half the total club length.

Pronotum 1.1 times longer than wide,

widest behind summit; anterior margin
broadly rounded, bearing about a dozen
large, erect serrations, those in center

larger; asperities on anterior slope large,

erect, isolated, placed in no apparent
order; svmimit distinct, high; posterior

portion densely punctured and subasper-

ate, the punctures very large, deep, and
almost touching, lateral or basal margins
of each puncture weakly to moderately
elevated, resulting in a subasperate or

subgranulate appearance; interpuncture
spaces shining, smooth with a few scat-

tered minute points; median line broad,

impunctate, broadly elevated.

Elytra about 1.7 times longer than
wide; sides weakly arcuate; apex broadly
roinided; striae punctured in vague rows,

the punctures obscure, weakly impressed,

and small, separated by a distance several

times their own diameters; interspaces

several times wider than striae, each bear-

ing a median row of fine, shallow, se-

taceous punctures, these less numerous
than those in striae; surface moderately
shining, smooth but with numerous, scat-

tered, fine lines and points. Declivity
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steep; interspace 1 moderately elevated,

distinctly impressed below level of inter-

space 3, bearing a median row of very fine

granules; interspace 2 moderately sulcate,

sculpturing as on disc; interspace 3 weak-
ly elevated, distinctly higher than 1, with
a median row of very small granules,

these very slightly larger than those in

interspace 1 ;
punctures in striae 1 and 2

obscure, nearly invisible, punctures in

other striae and interstriae not visible or

only very weakly so on declivital area.

Male.-— Frons very similar to female,

except median carina slightly more strong-

ly elevated and punctures larger, and deep-

er. Antennal club narrower, 1.2 times

longer than wide, widest through segment
2. Pronotum essentially as in female ex-

cept asperities and serrations slightly

larger. Elytra as in female except strial

and interstrial punctures slightly larger,

more obvious. Declivity as in female ex-

cept granules in interspaces 1 and 3

smaller or absent.

Type material.— The holotype ( 5 ),

alltoype, and 7 paratypes were collected

in the Black Hills, South Dakota, on 7

July 1975 from twigs of Pinus ponderosa
by D. E. Bright (CNC No. 15089).

The holotype, allotype, and most of the

paratypes are in the CNC. Some para-

types are in the SLWC and the KESC.

Remarks.— This species is in what I

have called the "ramiperda" group, which
contains those species that have antennal

clubs that are without chitinized septa

between the segments. Within that group,

P. siouxensis is most closely related to P.

hoycei Swaine, but the adults of P. sioux-

ensis differ by their larger size, by the

very obscure strial punctures on the de-

clivity, and by the very small granules

on declivital interspaces 1 and 3.

Pityophthorus speculum, n. s[).

liength 2.3-2.7 mm, 2.5 times longer

than wide.

Female.— Frons very broadly flat-

tened on a large semicircular area ex-

tending from e[)istomal margin to well

above upper level of eyes and laterally

from eye to eye; surface .shining, mirror-

like, with very fine, widely sejiarated, se-

tose punctures, the setae arising from
these punctures very fine and sliort;

periphery of flattened area much more
densely, roughly punctured, with setae

very long and incurved, the longest setae

arising on upper margin may extend to

or beyond mandibles when flattened down
over surface; setae on epistomal margin
and around mandibles long and dense. An-
tennal club elongate-oval, 1.3-1.4 times

longer than wide, widest through seg-

ments 2 and 3; suture 1 nearly transverse,

2 more strongly arcuate; segments 1 and 2
occupy about half the total club length.

Pronotum about as long as wide, widest

at about level of summit; sides distinctly

arcuate; anterior margin broadly rounded,
bearing about a dozen erect, moderate-
sized serrations; asperities on anterior

slope numerous, erect, isolated, scattered

in no apparent order; summit weakly
elevated; posterior portion distinctly punc-
tured, the punctures of moderate size,

deep, and usually separated by a distance

equal to or less than their diameters; in-

terpuncture space moderately shining,

with densely placed, fairly deep, fine lines

and points; median line fairly broad,

weakly elevated.

Elytra about 1 .7 times longer than wide;

apex broadly rounded; striae punctured
in regular rows, the punctures as large as

those on posterior portion of pronotum,
deep, and separated by a distance about
equal to their own diameters; interspaces

weakly convex, wide, at least 2.0 times

wider than striae, surface shining, with
numerous fine points and lines; inter-

spaces 1, 3, 5, 7, and 9 with 2 or 3

widely scattered setose punctures, those

in 1 more numerous. Declivity sloping;

interspace 1 moderately elevated, weakly
impressed below level of 3, bearing a me-
dian row of distinct, fairly large granules;

interspace 2 not widened, moderately sul-

fate, bearing a few fine, long setae and
granules at commencement of declivity,

glabrous and smooth on declivital face;

interspace 3 weakly elevated, bearing a

single or double row of prominent gran-

ules, each bearing a long, fine, erect seta

on its posterior margin; punctures in

striae 1 and 2 obsolete, but if vi^^ible, then
reduced in size; reniainiu'T intersjiaces

with a median row of ratlun- long, erect

setae.

Male.— Frons weakly convex, divided

by a b^ond, distinctly elevated, longitudi-

nal ( arina extending from the epistoma to

ah()\ (> np[)cr Icxcl of (\yes. surface of each
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side strongly punctured, the punctures
large and deep, almost touching. Antennal
club as described for female. Pronotum
and elytra essentially as in female. De-
clivity sloping; interspace 1 much more
deeply impressed than in female; inter-

space 2 more deeply sulcate, lateral por-

tions precipitously rising to interspace 3;

interspace 3 much higher than 1, bearing

a median row of distinct granules.

Type m.\terial.— The holotype ( 9 ),

allotype, and 37 paratypes were collected

at the 11,000 foot (3300 m) level of Cerro
Potosi, Nuevo Leon, Mexico, on 3 May
1971 from twigs of Abies reliogosa (?)

(27 specimens) or Pseudotsupae menziesii

(12 specimens) by D. E. Bright (CNC
No. 15090). Eight additional jiaratypes

are labeled: Abies/Cerro Potosi, Nuevo
Leon, Mexico, 21-in-1974/M. M. Fur-
niss, Hopk. No. 58615 B.

The holotype, allotype, and most of the

paratypes are in the CNC. Additional
paratypes are in the SLWC and the

KESC.

Remarks.— This species is closely al-

lied to P. elatinus Wood. Adults of P.

speculum may be distinguished by their

larger size, by the longer interstrial setae

on the apical portion of the elytra, by the

more shallowly impressed declivity, by
the darker and more uniform pronotal

and elytral color, and by the absence of

granules on the posterior portion of the

pronotum.

Pityophthorus subimpressus. n. sp.

Length 1.4-1.7 mm, about 2.1 times
longer than wide.

Female.— Frons flattened on a semi-

circular area extending from epistomal
margin to slightly above upper margin
of eyes, usually with a very faint, narrow,
longitudinal, median elevation on lower
half; surface of flattened area densely and
finely punctured except along median
elevation, surface above and lateral to flat-

tened area smooth, shining, and virtually

impunctate; vestiture on flattened area

rather abundant, consisting of rather long,

fine, yellowish setae, those on periphery
longer and incurved. Antennal club elon-

gate-oval, about 1.3 times longer than
wide, widest through segment 2; suture

1 transverse, usually heavily chitinized

at lateral margin, suture 2 obsolete, not

chitinized, not readily visible; segments
1 and 2 occupy about half of total club

length.

Pronotum 1.1 to 1.2 times longer than
wide, widest behind middle; sides sub-

parallel to weakly arcuate; anterior mar-
gin broadly rounded, bearing about 10

fairly prominent, erect, basally contiguous

serrations; asperities on anterior slope

arranged into 2 or 3 somewhat ir-

regular, broken, concentric rows, with
1 or 2 additional vague rows visible

around summit; summit not distinctly

elevated, surface not strongly impressed

behind it; posterior area distinctly punc-

tured, the punctures of moderate size,

deep, separated by a distance equal to or

less than their own diameters; interpunc-

ture space moderately shining, with num-
erous fine points and lines to minutely
reticulate; median line broad, not ele-

vated, impunctate.
Elytra 2.0 times longer than wide, 1.7

times longer than pronotum; apex weakly
acuminate; striae punctured in regular

rows, the punctures slightl}" larger and
deeper than those on posterior portion of

pronotum. separated by a distance less

than their own diameters; interspaces

about as wide or slightly narrower than
striae, surface shining, smooth to very
minutely subrugulose, impunctate, and
glabrous. Declivity convex; interspace 1

broad, weakly elevated, with a median
row of 3 or 4 granules; interspace 2 flat,

not wider than discal width, very weakly
to moderately impressed; interspace 3

weakly elevated, slightly higher or equal

in height to interspace 1, bearing a me-
dian row of very fine, sparse granules;

punctures in striae 2 distinct but usually

reduced, striae 1 narrowly impressed,

punctures fine and distinct. Vestiture

sparse, consisting of fine, erect, yellowish

setae on declivital interspaces 1, 3, 5, and
7.

Male.— Frons weakly, transversely,

broadlv imT)ressed from epistoma to upper
eye level, the upper margin of impression

distinct, almost forming a transverse ca-

rina at upper level of eyes, surface finely

f)unctured, setae fine, sparse. Pronotum,
elytra, anrl declivity essentiallv as in fe-

male except interstrial granules on de-

clivity larger and more numerous and
interstrial setae slighth" stouter.

Type m.aterial.— The holotype ( 9 ),

allot^•pe. and 14 paratypes were collected
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32 miles (53 km) south of Valle Nacional,

Oaxaca, Mexico, on 21 May 1971 at an
elevation of 7000 feet (2100 m) from
Pinus sp. by D. E. Bright (CNC No.

15091). Nine paratypes were collected

along Highway 24, 9 miles (15 km) south-

east of Teopisca, Chiapas, Mexico, on 14

May 1969 by D. E. Bright; 11 paratypes

were taken at Lagos des Colores (Lagunas
de Montebello. National Park), Chiapas,

Mexico, on 14 June 1969 by D. E. Bright;

and 32 paratypes were collected 6 miles

(10 km) northeast of Teziutlan, Pueblo,

Mexico, on 2 July 1967 at an elevation

of 4800 feet (1450 m) from Pinus sp. by
S. L. Wood.
The holotype, allotype, and most of the

paratypes collected by me are in the CNC;
some are in the KESC. The paratypes col-

lected by Wood are in the SLWC.

Remarks.— Adults of this species very
closely resemble those of P. attenuatus

Blackman. Adults of P. suhimpressus may
be distinguished by the distinct strial

punctures on the declivity in contrast to

the obscure, not usually visible punc-
tures in the declivital striae of P. attenua-

tus. Other distinctions were noted such

as the punctation of the female frons,

the characteristics of the male frons, etc.,

but the differences are variable and very
subtle and, therefore, difficult to describe.

The distinct strial punctures are easily

visible and serve as the best means to dis-

tinguish the species.

Pityophthorus thatcheri, n. sp.

Length 1.9-2.1 mm, 2.6-2.7 times long-

er than wide.

Female.— Frons broadly flattened

from eye to eye and from epistoma to

well above upper level of eyes; surface

shining, sparsely, very finely punctured;
vestiture abundant, consisting of rather

long, erect, yellowish setae scattered over

surface, those on periphery more densely
placed, much longer and incurved. An-
tennal club nearly circular, widest

through segment 3; segment 1 definitely

narrower than others; suture 1 trans-

verse, 2 moderately arcuate; first 2 seg-

ments occupy slightly more than half the

total club length.

Pronotum about as long as wide, widest

at middle; anterior margin rather nar-

rowly rounded with about 8 erect, mod-

erately large, contiguous serrations; as-

perities on anterior slope rather small,

erect, scattered in no apparent order; pos-

terior portion opaque, the punctures shal-

low, rather j)Oorly defined, separated by a

distance equal to more than their own
diameters; interpuncture space densely

and minutely reticulate.

Elytra 1.7 times longer than wide; apex
broadly rounded; striae punctured in reg-

ular rows, the punctures fine, shallow,

separated by a distance about equal to

their diameters; interspaces at least 2.0

times wider than striae, surface dull

and minutely reticulate; interspaces 1,

3, 5, 7, and 9 with 2-4 widely sepa-

rated, setose punctures; interspace 9 at

most very weakly elevated. Declivity con-

vex; interspace 1 distinctly, moderately
elevated, bearing a median row of 5 or

more small, rounded granules; interspace

2 only moderately impressed, sulcate,

very slightlv wider than discal width;

interspace 3 not elevated, equal to or ver^'

slightly higher than interspace 1, bearing

a median row of about 5 small, acutely

pointed granules, these larger than those

on interspace 1, each granule bearing a

long, stout seta arising from the lower

base; punctures of striae 1 and 2 obsolete,

not visible. Vestiture inconspicuous, ex-

cept for the few stout setae on declivital

interspace 3.

Male.— Frons weakly, transversely

impressed from epistoma to upper level

of eyes, this impression divided by a very
fine, longitudinal, median elevation; a

more strongly elevated, transverse carina

is present at upper margin of impression;

surface shining, faintly, finelv punctate

except on median, longitudinal elevation

and on the transverse carina, reticulate

over entire surface. Pronotum and elytra

essentially as in femalp except declivital

granules slightly larger.

Type material.— The holotype ( 9 ),

allotvpe, and 2 paratv])es were collected

at Big Sandy Meadow; S28T5SR22E, Cali-

fornia, on 9 Julv 1946 from Pinus lamher-

tiana bv T. O. Tliatclier.

The holotype, allotype, and 1 para-

tvfie are in the SLWC; and 1 paratvpe
i^ in thr CNC (No. r3729V

Ri.M \HKs.— Adults of this species are

luiique among those with a small first

ant(>niial sefrnient in having the male
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frons transversely and longitudinally cari-

nate. Adults may be further distinguishefl

by the densely pubescent female frons

with long incurved setae on the periphery,

by the convex elytral declivity with
rather prominent, acute granules on inter-

space 3, and by the other characteristics

given in the description.

It gives me great pleasure to name this

species after its collector, Dr. T. O.

Thatcher, who was my adviser and a con-

stant source of patient assistance and help

during my undergraduate j^ears at Colo-

rado State University, and has remained
a good friend over the years.

Pityophthorus thomasi, n. sp.

Length 1.3-1.6 mm, about 3.0 times

longer than wide.

Female.— Frons rather narrowly but
strongly flattened from epistoma to well

above the eyes, occupying about 75 per-

cent or more of the interocular distance;

surface shining, densely and minutely
punctured, usually concealed by vestiture;

vestiture abundant, consisting of a dense
brush of long, yellowdsh setae, which arise

on the vertex above the flattened area

and extend nearly to the base of the

mandibles, and with much shorter but
still rather long, yellowdsh setae scattered

over the flattened portion, those on the

periphery of flattened portion longer and
incurved, but not as long as those arising

on vertex. Antennal club 1.2-1.3 times

longer than wade, widest through segment
3 or sometimes 2; sutures 1 and 2 distinct-

ly arcuate; first 2 sutures occupy more
than half the total club length.

Pronotum nearly 1.2 times longer than
wide, wddest behind summit; anterior

margin broadly rounded with numerous
erect, contiguous serrations; asperities on
anterior slope rather small, erect, scattered

in no apparent order; posterior portion

brightly shining, the punctures fine, small,

separated by a distance equal to or greater

than their own diameter; interpuncture

space wdth sparsely placed, minute points.

Elytra 1.2 times longer than wide; apex
broadly rounded; striae punctured in reg-

ular row^s, the punctures very small, very
weaklv impressed to unimpressed, rather

wddely spaced, separated bv a distance

equal to 2-3 times their own diameter;

interspaces much wider than striae, sur-

face moderately shining and densely.

finely sculptvu-ed with minute lines and
points, almost giving the appearance of

minute reticulations; interspaces 1 and
sometimes 3 with sparse setae extending
nearly to base, 5, 7, and 9 with sparse se-

tae only on apical half or less, these se-

tae about equal in length to interstrial

width. Declivity convex, dull, entire sur-

face minutely reticulate, punctate; inter-

space 1 weakly elevated and devoid of

granules; interspace 2 not widened, very
weakly impressed if at all; interspace 3

not elevated and devoid of granules;

punctures in striae 1 and 2 distinct to

obsolete.

Male.— Frons flattened on a semicir-

cular area from epistoma to slightly above
upper margin of eyes, with a distinct,

slightly elevated longitudinal carina (may
be absent in some specimens), flattened

area narrowly, transversely impressed just

above the arcuate epistomal margin; pub-
escence longer and denser in the impressed

area, very short and sparse over remain-
der of surface. Pronotum and elytra es-

sentially as in female. Declivity as in fe-

male, except interspace 2 even less strong-

ly impressed and strial punctures may be
completely obsolete.

Type material.— The holotype ( 9 ),

allotype, and 22 paratypes were collected

10 miles (17 km) southwest of El Salto,

Durango, Mexico, on 7 Julv 1964 from
Pinus cooperi by J. B. Thomas (CNC No.
15092V
The primary types and most of the

paratypes are in the CNC; additional

parat>qoes are in the SLWC and the

KESC.

Remarks.— This unique species is

easily recognized by the very dense
brush of setae which arises on the vertex

of the female head and extends nearly to

the base of the mandibles, by the punc-

tate, reticulate elytral (including declivi-

taD surface, and by the sparsely punc-

tured and setose alternate elytral inter-

spaces.

Pityophthorus zonolis, n. sp.

Length 2.5 mm, 3.1 times longer than

wide.

Holotype (?) .— Frons mostly con-

cealed in the one specimen available but

pubescence visible, consisting of a dense

JFringe of very long }-ellowish setae on



444 GREAT BASIN NATURALIST Vol. 36, No. 4

periphery, those on lower portion above
epistoma and on lateral area near eye
erect and very long. Antennal club oval,

1.45 times longer than wide; sutures 1

and 2 transverse, straight except at lateral

margins, segments 1 and 2 occupy about
half the total club length.

Pronotum 1.2 times longer than wide,
widest at summit; sides subparallel on
posterior half;- anterior margin broadly
rounded, bearing only a few very low,
very broad serrations; asperities on an-
terior slope larger and more erect than
serrations on anterior margin, scattered

in no apparent order; summit not strongly
elevated; posterior portion strongly punc-
tured, the punctures large, deep, separated
by a distance less than their diameters;
interpuncture space smooth and shining,

with numerous fine points scattered be-

tween the punctures; median line rather
narrow, seemingly very weakly elevated.

Elytra slightly more than 2.0 times
longer than wide; apex strongly acum-
inate; striae punctured in even, regular
rows, the punctures large, deeply im-
pressed, and almost touching; discal in-

terspaces equal in width or narrower
than striae, weakly convex, impunctate,
surface shining, with numerous scattered

fine points. Declivity generally convex,
steep; interspace 1 strongly elevated,

slightly impressed below level of 3,

bearing a median row of 6-8 small,
acute granules, each of these bearing a

long, fine seta; interspace 2 weakly sul-

cate, slightly wider than discal width;
interspace 3 moderately elevated, slightly

higher than 1 and bearing a median
row of 4-6 acute, small granules, each
of these bearing a long, fine seta; remain-
ing interspaces each with a median row
of several, long, fine setae; f)unctures in

striae 1 and 2 distinct, smaller and less

deeply impressed than those on disc.

Male.— Unknown.

Type material.— The holotype ( 2 ),

is labeled: 638-7/Jerome, Ariz., 11-22-35/
Pinus ponderosa.

The holotype has been returned to the

USNM.

Remarks.— This species is closely re-

lated to P. spadix Blackman. Females of

P. zonalis may be distinguished by the

very long, erect, and incurved setae on
the periphery of the frons; by the much
less strongly elevated third declivital in-

terspace; and by the much less deeply
sulcate second declivital interspace. In P.

spadix, the third declivital interspace is

much higher than the first and is most
strongly elevated on the upper half. In
P. zonalis, the third declivital interspace

is only very slightly higher than the first

and is more evenly elevated along its

entire length, except at the extreme apex.
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NEW SPECIES OF SPLENDIDOFILARIA AND CHANDLERELLA
(FILARIOIDEA: NEMATODA), WITH KEYS TO THE SPECIES,

FROM THE BAND-1 AILED PIGEON
{COLUMBA FASCIATA FASCIATAy

IN THE ROCKY MOUNTAIN REGION

0. Wilford 01sen2 and Clait E. BraunS

Abstract.— One male each of Splendidofilaria colurnbensis n. sp. and S. hibleri n. sp. was found
in the subcutaneous fascia of the thighs of a single hand-tailed jiigeon. The relationship of female
worms could not be correlated with the males. Chandler clla robinsoni n. sp. was recovered from the
blood vessels of the liver and the fascia of the thighs of six birds. Keys to the males of the species

of both genera, together with drawings of the spicules of each species, when available, are included.

Published reports of helminths from
band-tailed pigeons are meager. Neff
(1947) reported 12 "flatworms" in the
abdominal cavity of a band-tailed pigeon
collected in Colorado, while Smith (1968).
working in California, mentions finding

a specimen of Ascaridia columhae in the

connective tissue of one bird, and nema-
todes, which were not identified, in

another.

During the period from June 1969
through September 1974, 674 band-tailed

pigeons were collected in Colorado (645),
New Mexico (23), and Mexico (6) and
examined for helminth parasites. Speci-

mens of Splendidofilariinae Chabaud and
Choquet, 1953, were recovered from 11

birds.

Five birds harbored specimens of

Splendidofilaria Skrjabin, 1923. in the

subcutaneous fascia between the thighs

and the body. Six different birds were
parasitized by specimens of ChandlereUa
Yorke and Maplestone, 1926, in the blood

vessels of the liver and in the subcutan-
eous fascia also between the thighs and
the body. In each instance, only a few
parasites were found in individual birds.

Worms of the genus Splendidofilaria

consisted of two males from the same
pigeon, plus females from this and other

birds. The males have spicular conforma-
tion and size, together with the number
and arrangement of caudal papillae, and
length of tails so different from each other

and from those of described species that

we believe they constitute two new spe-

cies.

While the females coidd not be corre-

lated with the two different tiudes, there

appear to be two and possibly three
different kinds, based on the shape and
length of the vagina and the size and
general morphology of the microfilariae.

The new species, based on a single

male specimen each, are named Splendi-

dofilaria colurnbensis and S. hibleri.

Specimens of the genus ChandlereUa
consisted of several males similar in mor-
phology and a larger number of females.

This species is named C. robinsoni.

With so few birds infected in such a

large sample, it is the opinion of the

authors that the limited information
should be presented so that other parasi-

tologists may be aware of the results of

this investigation. Moreover, future stud-

ies on band-tailed pigeons or other Co-
lumbifomies may bring to light additional

information to support or to suppress the

\'alidity of these newly described species.

Gibson (1967) and Koch and Huizinga
(1971) described Splendidofilaria pecto-

ralis and S. passerina, respectively, subse-

quent to the appearance of vSonin's (1966)
monograph. Gibson (1968) redescribed
^9. papillocerca (Lubimov, 1946).

Keys based on published descriptions

and figures of males of the species of

Splendidofilaria and ChandlereUa con-
sidered by Anderson and Freeman (1969)
as valid for these two genera are pre-

sented as an aid to other workers in

differentiating them.

Materi.als .and Methods

Birds collected in Colorado and New
Mexico were tagged, promptly frozen,

and kept until examined within four

^Research supported in part by Colorado Federal Aid Project W-88-R.
^Department of Zoolopv .ind Entomology, Colorado Stale Universitj', Fort Collins. Colorado 80523.
^Colorado Division of Wildlife. Fort Collins. Colorado ,Sn")22.
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months, a procedure that degraded the

morphological quality of the specimens.

Birds taken in Mexico were examined
within an hour after being collected. All

worms were preserved in 70 percent

ethyl alcohol containing glycerine. They
were cleared by allowing the alcohol to

evaporate in an open container kept at

room temperature, thus slowly bringing

them into pure glycerine.

Microfilariae were dissected from the

anterior end of the vagina of adult fe-

males already cleared in glycerine. The
drawings were made with the aid of a

camera lucida from optical sections of

unstained larvae under oil immersion of

a phase contrast microscope. All measure-
ments are in microns except when other-

wise indicated.

Results

Splendidofilaria columbensis, n. sp.

Figs. 1, 2.

General: Filarioidea, Onchocercidae,

vSplendidofilariinae Chabaud and Choquet,
1953. Slender worms with both ends of

body slightly attenuated. Buccal capsule

absent, oral opening minute. En face prep-

aration not made from single specimen
available, amphids and cephalic papillae

not seen in lateral view. Esophagus long,

narrow, presence of anterior muscular
portion doubtful. Intestine broad, mostlv
straight, filled with granular-like material.

Caudal extremity of body bears one pair

of minute, nearly terminal protuberances.

Minute phasmids near posterior extremity
of body. Cuticle thin, with very fine

transverse striations and small, mostly
circular bosses except at extremities of

body. Excretory pore and deirids could

not be located.

Male: Body length 22 mm; maxi-
mum width 180. Nerve ring 45 from
anterior extremity. Esophagus slender,

length 710. Tail about equal in diameter
throughout its leufitth, 110 long. One pair

[)reanal papillae located a distance an-

terior to cloaca about equal to length of

spicules. Three pairs j)ostanal [japillae

distributed about etuiidistant front i\n\\

other along tail. S|)icides dissimilar, each
with well defined head separated from
body bv a constriction, truncated distallv;

right spicule 46 long, bodv broad, slitrhth

expanded incdinlh'. left spit idc 10 long.

narrower than right, dorsal side with
notch near union of distal and middle
thirds of length.

Female and microfilarae: See below.

Host: Band-tailed pigeon, Columba
fasciota fasciata (Say)

Location: Fascia of thighs

Locality: Colorado, U.S.A.

Holotype (male), USNM Helm. Coll.

No. 73225.

Discussion: Of the bosselated species

of Splendidofilaria, S. columbensis resem-
bles S. hibleri n. sp. and 5". gedoelsti Tra-
vassos, 1926, in having a tail 110 or more
in length, whereas the other species in this

group have a tail less than 100 long. Of
these three species having long tails, S.

columbensis and S. gedoelsti resemble each
other in having one pair each of preanal
papillae but differ in that S. columbensis
has no peri- and three pairs of postanal

papillae, whereas S. gedoelsti has three

pairs of peri- and four pairs of postanal

papillae. The spicules of these three spe-

cies differ markedly in shape (cf. Figs.

1, 2; 3, 4; 18). S. columbensis (Fig. 1)

and S. gedoelsti differ from S. hibleri,

which has three pairs of pre- and six

pairs of post- but no perianal papillae

(Fig. 3); the spicules differ markedly in

shape (Figs. 2, 4). In addition to the

above characteristics, these three species,

together with l9. picacardina Hibler, 1964
(which has a short tail), are much longer

than all other species of the bosselated

group.

Splendidofilaria hibleri, n. sjx

Figs. 3, 4.

General: Filarioidea, Onchocercidae,
Splendidofilnriinae Chabaud and CluHiuet,

1953. Slender bodies with extremities

slightly attenuated. Buccal capsule lack-

ing, oral opening minute. Amphids and
cephali'- papillae not seen in whole mount
as no (-ri faci- preparation made from
siiifj^ie sp(>cimen availabl(v Esophagus
lon<i, presence of anterior muscular por-

tion doubtfid. Intestine bi'oad. filled with
•Traiudar material. Caudal extremitv with
pair of -mall fleshv protuberances. Phas-
mids not s('<Mt Cuticle thin, smooth, with
delicate ti.uisverse striations, circular

bosses >>( iiltcred over bodv, particularly

behind tuiddhv absent from ends. Excre-
tor\' por(> .111(1 deirids not s(>(>n.
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om>
Figs. 1-4. Splendidofilaria spp.: 1, Tail of male columbensis n. sp.; 2, spicules of columbensis; 3,

tail of male hibleri n. sp.; 4. spicules of hibleri.
Figs. 5-9. Chandlerella spp.: 5, Tail of male robinsoni n. sp.; 6, spicules of robinsoni; 7. anterior

end of male robinsoni; 8, anterior end of female robinsoni; 9, en face view of robinsoni.
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28 ^^ «" 30 owo

\\^^\ \?'^}- '^P^^"^^'>/"/''«'-'«. spp.: Spicules are shown in lateral view. Right spicule is the oneon tlie left of each pan- except in cases where only a single spicule is .l.-pictc,l. All scales where
available are adjusted to 50 /i. Figures marked with an asterisk were adaptcl from Sonin (1066),he others from original puhl.cations. Fig. 10, ahonquicmis (An.Ierson. lO'V,); II. bahmi (Supperer.

or- bA' t-'''""^"'"^;"'" •^'"?^ ^,^^' \Xcahiorniensis (Wehr and Herman, 1956; 14. capcrataYiW,.
ler, 19G4;

;^' .'i'^^"''"^^"^'-^.,
'6, /«/con/. Sonin, 1966; 17. falliscnsis (Anderson, 1954); 18, gedoelsti

Iravassos 1926-; 19. .rcUllaU (C lahaud. Ander.son, and Brygoo, 1959); 20, hibleri; 21 kashmircnsis

an^ h! li 'l071 '9' ' '"'7'
i^''"c;''- i''^"^^

-^' ""Pi"^^'^<-rca (Luhimov. 1946); 24, passcina Koch

Hibler. 1^64; 28 rotumhcrphala (Oschmarin, 1950); 29. sinfxhi Sultana. 1962; 30, tuvensis (Spasskyand Sonin, 1957); 31, verrucosa Oschmarin, 1950; 32, it'^-^n Anderson, 1961.

I
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Male: Body len^h 22 mm, maximimi
width 191, ner\^e ring not visible. Esoph-
agus slender, 450 long. Tail 137 long.

Caudal extremity of body blunt. Three
pairs of pre- and six pairs of postanal

papillae evenly distributed along tail.

No perianal papillae. Spicules subecjua!

and dissunilar, right 61 long, with distinct

bend at union of anterior and middle
thirds, distal end sharply pointed; left 70
long, with entire body curved, tapering
to narrower end that bends sharply ven-

trad, forming a pointed spatulate end
with expansion toward ventral side.

Named for Dr. Charles P. Hibler.

Female and microfilari.^e: See below.

Host: Band-tailed pigeon, Cohimhn
fasciata fasciata (Say)

Location: Fascia of thighs

Locality: Colorado, U.S.A.

Holotype (male), USNM Helm. Coll.

No." 73226.

Females and microfilariae: Since the

females could not be correlated with the
two species of males, they and their micro-
filariae are considered as a group. Dif-

ferences in the configuration of the vagi-

nae and size of the adult females and the
morphology of their microfilariae suggest
possibly three separate kinds of worms.
Tails of the adults are similar (Figs.

58, 61). A sheath is evident in specimens
of some microfilariae from each group
of females.

In one group of females, the vagina
forms a complicated double set of loops

(Figs. 56, 57). The distance from the an-
terior end of the body to the vulva is 392,

and from the latter to the uterus is 466.

The length of the vagina is greater, since

its coils are not included in the measure-
ment. The body is 12 mm long. Microfil-

ariae have a finely striated cuticle and
the body terminates as a long, slender,

pointed tail in which nuclei extend single

file to the tip; only small nuclei appear
in the anterior extremity (Fig. 59). The
microfilariae measure 119-149 (average

139) in length and 2.14-4.3 (average

3.2) in diameter.

A second type of female is represented
by a long, slender vagina with a large,

single loop open on one side and much
farther caudal (Fig. 60) than the loops

in the preceding group. The vulva is 306
from the anterior end of the body and
the distance from the vulva to the uterus
is 2.44 mm (the vulva is longer due to

the loop). The body is 44 mm long.

Microfilariae are thick bodied, smooth,
and have a somewhat blunt tail without
nuclei; nuclei in the anterior end are
small (Fig. 62). The larvae are 118-154
(average 129) long by 5.3 in diameter.

A third type of female has a long,

narrow, straight vagina (Fig. 63) about
1.6 mm in length. The vulva is 354 from
the anterior end of the body. The body is

17 mm long. The smooth, slender micro-
filariae have a long pointed tail in which
the nuclei extend single file to the tip.

A large nuclear mass appears at the an-
terior extremity (Fig. 64). The body is

128-152 (average 139) long and 4.3 in

diameter.

It was not possible to identify' with
certainty the nerve ring, excretory cell,

inner body, R-cells, and anal cell in these

glycerine-cleared microfilariae because
they would not stain.

DicussiON: S. hihlrri is one of the four

large bosselated species, together with S.

columhensis. S. gedoelsti, and S. pica-

cardina. as pointed out in the previous

discussion. It differs from the other three

species in the distinctive shape of the

spicules (Figs. 2, 4, 18, 27) and in having
three pairs of pre- and six pairs of post-

anal papillae (Fig. 3). None of the other

species has so manv papillae arranged
in this inanner. There are no perianal

papillae.

Kev to the species of Splcndidofilaria

1. Cuticle with bosses 2
Cuticle without bosses 12

2(1). Longer spicule about equal to or greater in length than tail 3

Longer spicule distinctly shorter than tail 9

3(2). No caudal papillae, spicules straight, with well-defined heads,

right 95 long with narrow rounded distal end, left 130 long (Fig.

23) -5'. papillocerca (Lubimov, 1946)



450 GREAT BASIN NATURALIST Vol. 36, No. 4

Caudal papillae present 4

4(3). Perianal papillae present 5

Perianal papillae absent 6

.5(4). Two pairs peri- and three pairs postanal papillae; right spicule

37-44 long with pronounced mid-dorsal expansion, left 54-58,

middle and posterior parts broad and about equal in length; tail

51-60 long (Fig. 12) S. brevispiculum Singh, 1949

Perianal papillae only present, two on right side and three on

left, right spicule 57 long, body divided into three distinct ex-

panded parts by constrictions, left 65 long, with two major
divisions about equal in length; tail 63 long (Fig. 32)

S. ivehri Anderson, 1961

6(4). One pair postanal papillae 7

Two pairs postanal, papillae 8

7(6). Spicules with distinct head, robust, left 95-120 long and relatively

straight on ventral side except at tip, right 78-82, proximal

and distal ends of both set off by dorsal notches, tips enlarged,

rounded on dorsal side and ending in a point; tail 95 long (Fig.

21) S. kashmirensis Amir and Ali, 1960

Spicules with broad distal end without constrictions and grad-

ually tapering to obliquely truncated distal ends (described as

pointed ends), right 70 long, left 50; tail 48 long (Fig. 29)
S. singhi Sultana, 1962

8(6). One pair preanal papillae, spicules roughly similar in shape,

without well-defined head, each with pointed distal end, right

somewhat more robust and 7 7 long, left narrower and 68 long;

tail 57 long (Fig. 25) S. pawlowskyi Skriabin, 1923

Two pairs preanal papillae; spicules with well-defined head, mark-

edl)^ dissimilar in shape, right 42-50 long, with middle portion

largest and distinctly expanded dorsally and ventrally, distal

end narrow with rounded tip, left 50-65 long, middle and distal

parts about equal in length, latter pointed; tail 62-89 long (Fig.

27) S. picacardina Hibler, 1964

9(2). No pre- but two pairs postanal i)apillae (one pair very indis-

tinct), spicules somewhat similar in shape, with distinct head,

right 45 long and sharply pointed, left 40 long and rounded dis-

tally; tail 60 long (Fig. 31) S. verrucosa Oschmarm, \9i0

Preanal papillae present 10

10(9). Three pairs pre- and six pairs postanal papillae; spicules dissimi-

lar in shape, left 70 long, with distinct head, middle part long,

straight, distal part sharply bout ventrad. not pointed but di-

vided by ventral notch, right ()I long, no distinct enlarged

head, anterior and posterior parts narrower than middle, distal

end pointed; tail 137 long (Figs. 3, 4) S. hibleri n. sp.

One pair preanal papillae 11

11 (11 J. One pair pre-, three pairs peri-, and four pairs postanal papillae;

spicules with more or less evenly arched dorsal surface and mid-

ventral expansion, distal portion narrow and with rounded tip,

left 71 long, right 6^ long, licuU not distinc iIn srt off by con-

strictions; tail 120 long (Fig. 18) N. i^vv/or/.s// Travassos, 1926

One pair pre-, no peri-, and four pairs postanal i)apillae; sj)icules

with heads distinctly set off by const tii lion, distal ends trun-

cate, right 46 long, broad in basal two thirds, narrow in distal
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third, left 49 long, narrow througiiout, notch on dorsal side sep-

arating middle and distal thirds; tail 110 long (Figs. 1, 2)
S. columbensis n. sp.

12(1). Longer spicule over 100 in length 13

Longer spicule less than 100 in length 16

13(12). Left spicule with hook-shaped distal end, 102-105 long, right

with tip straight, somewhat pointed, 86-110 long; two pairs

preanal papillae with one pair near anus and two pairs postanal
papillae with one pair near anus and other near end of body;
tail about 75 long (Fig. 11) S. bohmi Supperer, 1958

Spicules without distal hook 14

14(13). No caudal papillae; spicules with middle part expanded in lateral

view, tips rounded, right 122-140 long, left 131-145 long; tail

92-100 long (Fig. 26) S. pectoralis Gibson, 1967

Caudal papillae present 15

15(14). Three pairs pre-, two pairs peri-, and two pairs postanal papillae;

spicules dissimilar, right 140-150 long, tapering to a point, left

110-120 long, sides more or less parallel, blunt; tail 60-80 long
(Fig. 30) .- S. tuvensis Spassky and Sonin, 1957

No pre-, two to three pairs postanal papillae (sometimes one pair

perianal papillae) ; spicules fairly similar and more or less sim-

ple, blunt apicaily, right 109-136 long, left 97-117; tail 160
long (Fig. 16) S. falconis (Sonin, 1966)

16(12). Tail shorter than long spicule 17

Tail about equal to or greater in length than that of long spicule 20

17(16). One pair caudal papillae only, located at tip of tail; right spicule

80-90 long, sides parallel, tip rounded and slightly expanded,
left 60-80 long with middle part expanded and tip pointed;

tail 40-55 long (Fig. 28) S. rotundicephala Oschmarin, 1950

More than one pair of caudal papillae 18

18(17). Two pairs of postanal papillae only, in posterior half of tail;

right spicule narrow, body straight, tip curved ventrally and
pointed, 62 long, left strongly arc-shaped, 78 long; tail about 65
long (Fig. 19) .. S. gretillati Chabaud, Anderson, and Brygoo, 1959

Both pre- and postanal papillae present 19

19(18). Two to three pairs each of pre- and postanal papillae; right spi-

cule small, narrow, pointed, 58 long, left large, proximal end
and median portions expanded and separated by broad constric-

tion, distal third narrower, 80 long; tail 42 long (Fig. 10)

S. algonquinensis (Anderson, 1955)

One pair pre- and two pairs postanal papillae (one near anus [?]

and one near tip of tail) ; spicules with basal end slightly en-

larged, right blunt distally, left pointed, both about 90 long;

tail 50 long (Fig. 22) S. mavis (Leiper, 1909)

20(16). One pair each of pre- and postanal papillae; right spicule equal

in width throughout, tip broadly rounded, 68-78 long, left with

thick basal half of body, distal half slender and with expand-

ed truncated tip, 57-71 long; tail 88 long (Fig. 13)

S. californiensis (Wehr and Herman, 1956)

More than one pair each of pre- and postanal papillae (some-

times only one pair of preanal papillae) 21
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21(20). Cuticle with coarse annular wrinkles; one pair pre-, two pairs

peri-, and two to three pairs postanal papillae; left spicule 73-

81 long, its body divided into three parts with distal section

longest, tip rounded, right 54-66 long with middle portion ex-

panded and longest, narrow tip spatulate; tail 77-85 long

(Fig. 14) S. caperata Hibler, 1964
Cuticle without annular wrinkles 22

22(21). Left spicule 79-92 long, sides of basal two-thirds more or less paral-

lel, distal third tapers to a point, right 53-76 long, with thick-

ened middle portion, narrows distally to form a spatulate-like

tip; three pairs pre- and postanal papillae, possibly one pair

small papillae on anterior margin of anus, no perianal papillae;

tail 58-79 long, without terminal protuberances (Fig. 17) ....

S. fallisensis (Anderson, 1954)

Head of spicules separated from body by a broad, shallow con-

striction; left 52-85 long, terminating in a point, right 45-85

long, with blunt, almost truncate tip; one to two pairs pre-,

one pair peri-, and two to four pairs postanal papillae; tail 45-

113 long, with two terminal protuberances (Fig. 24)
S. passerina Koch and Huizinga, 1971

Chandlerella rohinsoni, n. sp.

Figs. 5-9, 65.

General: Filarioidea, Onchocercidae,

Splendidofilariinae Chabaud and Choquet,
1953. Slender worms with thin, smooth
cuticle. Cephalic extremity with four
submedian papillae and two lateral am-
phids. Buccal capsule absent. Excretory
pore not seen. Esophagus externally di-

vided with anterior extremity of muscular
portion expanded into a bulb-like enlarge-

ment separated from remainder by a con-

striction. Junction of glandular portion of

esophagus and broad intestine distinct.

Male: Four specimens. Body length
8.0-15.5 (12.6) mm, width 204-2i5 (211).
Nerve ring 106-146 (139) from anterior

end of body. Muscular esophagus 109-233
n68) long, glandular esophagus 792-838
r810). Anus 154-231 (209) from posterior

extremity of body. Five pairs of postanal

papillae rather evenly distributed along
tail. Spicules subequal, similar in shape,

with narrow, deep, basal constriction,

slightly and evenly curved ventrally,

gradually taper to a point, right 81-97

(85) long, loft 55-75 (65), maximum
width 11-13.

Female: Body length 17-24 mm, maxi-
mum ^v^dth 276-339. Ner\^e ring 168-200
from anterior extremity of body. Mus-
( nlar portion of esophagus 186-226 long,

glandular portion 481-817 with bends.

Vulva 478-678 from anU'rior end of body;
vagina short, being 160-165 long in speci-

mens where clearly visible. Uteri didel-

phic and opisthodelphic. Anus 372 from
posterior end of body in only specimen
where seen.

Microfilaria: Body 177 to 198 (181)
long and 4.3 in diameter. Fairly constant

in diameter except for the tail, which is

only slightly narrowed and which has a

large globular nucleus at the tip. Some-
what enlarged and elongated nuclear

masses appear laterally at the anterior

end. Cuticle smooth, visible sheath on
some individuals. Nerve ring, excretor\'

cell, inner body, R-cells, and anal cell

roidd not be identified in unstained
glycerine-cleared larvae (Fig. 65).

Named for Dr. Edwin J. Robinson,
Tr. (1971), who has done much to eluci-

date the development of C. quiscali in

ceratopogonid gnats.

Host: Cohmiha fasciata fasciata (Say)

TTabitat: Subcutaneous tissue of thighs

Locality: Colorado, U.S.A.

TTol()t^pe and allotype (males and fe-

males), USNM" Helm. Coll. No.
73227.

Paratype (en face mount), 73228.

DiscTTssiON: C chitivoodne Anderson,
1961; r. prtroiri ( Tschertkow, 1946); C.

skriaJ'ini PctroN' and Tschertkow, 1947;

and (\ fohinsofii resemble each other and
(liff(>r from all other species in the genus
in ha\ing the anterior end of the mus-
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Figs. 33-55. Chandlerella spp.: Spicules are shown in lateral aspect. Right spicule appears on
left of each pair. All scales of measurement where available are adjusted to 50 y.. Figures marked
with an asterisk were adapted from Sonin (1966). the others from original publications. Fig. 33,
alii Sultana, 1962; 34. apusi Sonin, 1963*; 35. hosei (Chandler. 1924); 36. braziliensis Yeh, 1957; 37,
chitwoodae Anderson, 1961; 38, columbae (Sonin, 1966); 39, columbigallinae (Augustine, 1937); 40,
flexwaginalis (Jones, 1961); 41, hawkingi Chatterjee, Sen, and Bhattacharya, 1965; 42, himalayensis
Sultana. 1962; 43, longicaudata (Sonin. 1966); 44, periarterialis (Cabellero. )948)*; 45, petrowi
(Tschertkow, 1946)*; 46. quiscali (von Linstow, 1904) (from Robinson, pers. comm.); 47. robinsoni;
48, sinensis Li, 1933; 49. singhi AH, 1956; 50. skrjabini (Petrov and Tschertkow. 1947)*; 51, stant-
chinskyi Gilbert.. 1932*; 52, striatospicula Hibler. 1964; 53, sultana Sonin, 1966; 54. thapari Rasheed,
1960; 55, travassosi (Koroliowa, 1926)*.
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i

64

ottv

Figs. 56-64. Splcndidofilaria spp.: 56-57, S. sp. showing variations in double loop of vagina;
58, S. sp., tail of foinalc in Fig. 57; 59, microfilaria of >S\ sp. in Figs. 56-57; 60, 5. sp., vagina with
open bend; 61, S. sp., tail of female in Fig. 60; 62, microfilaiia nf 5". sp. in Fig. 60; 63, vagina
(straight) of S. sp.; 61-. mirrofihiria of S. sp. in Fig, 63.

Fig. 65. Microfilaria of Chandierella robinsoni.
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cular portion of the esophagus expanded C. robinsoni has spicules that are defi-

into a distinct bulb-Hke enlargement nitely pointed, no pre-, no peri-, but five

(Figs. 7, 8). pairs of postanal papillae and a tail

C. chitwoodae (Fig. 37) and C. petrowi 154-231 long (Fig. 5). It thereby differs

(Fig. 45) have spicules that are slender markedly from C. skrjabini wath spicules

and sickle-shaped and thereby differ dis- somewhat truncated (Fig. 50), one pair

tinctly from C. robinsoni (Figs. 5, 6) pre-, one pair peri-, and two pairs of post-

and C. skrjabini (Fig. 50). anal papillae, and a tail 73 long.

Key to species of males of Chandlerell(f

1. Cuticle with bosses; esophagus not visibly divided; spicules broad,

right with tip pointed, 60 long, left bluntly rounded, 50 long,

one pair postanal papillae at tip of tail (Fig. 55)
C. travassosi (Koroliowa, 1926)

Cuticle without bosses, esophagus visibly divided into muscular
and glandular parts 2

2(1). Anterior end of muscular portion of esophagus expanded into dis-

tinct bulbar structure . .;.i..i.. 3
Anterior end of muscular part of esophagus not bulbar 6

3(2). Spicules sickle-shaped , 4
Spicules not sickle-shaped '--

.-. 5

4(3). Both spicules narrow throughout entire length, right 126 long, left

90 long, one pair pre- and seven pairs postanal papillae; tail 68
long (Fig. 45) C- petrowi (Tschertkow, 1946)

Left spicule with tip expanded ventrally, 67-90 long, right nar-

row distally, 67-128 long; four postanal papillae on one side

and five on other side; tail 5 7-68 long (Fig- 37)

'.'...'../^l..'....C, chitwoodae Anderson, 1961

5(3). Spicules somewhat truncated distally, right thickened medially, 68
long, left fairly uniform in width, 86 long; tail 73 long; one
pair peri- and two pairs postanal papillae; tail 73 long (Fig.

50) C. skrjabini (Petrov and T$chertkow, 1947)
Spicules definitely pointed, somewhat similar in shape, right 75-

90 long, left 55-75 long; no pre-, no peri-, but five pairs postanal

papillae; tail 154-231 long (Figs. 5-9) C. robinsoni n. sp.

6(2). One or both spicules partially or distinctly truncated distally, some-
times notched or split distally 7

Neither spicule truncated, notched, or split distally,, but pointed

or rounded '. 10

7(6). Both spicules distinctly truncated, right 59-62 long, body about
equal in width, left 68-70 long, large median and smaller dis-

tal portions expanded ventrally; four pairs postanal papillae;

tail 174-178 long (Fig. 38) " C. columbae Sonin, 1966
Only one spicule truncated, notched, or split distally,..., 8

8(7). Left spicule truncated. 70 long, right with point set off by con-

striction, 80 long; four pairs postanal papillae; tail 160 long

(Fig. 34) ...:... C. apusi' Sonin, 1963

One spicule notched or split distally •.... ...-..'..........' 9

9(8). Left spicule straight, split distally, divided transversally. into

about equal anterior and posterior parts, 71 long, right with

•Two species listed by .\nderson and Freeman (1P69) arc not included in the key due to inadequate descriptions and the

absence of figures. C. lienalis (Orloff, 1947) from grouse has pointed spicules, the right 150 long and the left 155; five

pairs of postanal papillae; tail 120 long. C. shaldybini (Gubanov, 1954) from cormorants has spicules that are 84 long,

divided into two parts and grooved; three pairs of preanal papillae; tail 84 long.
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rounded tip, body thick, 62 long; one pair pre- and seven pairs

postanal papillae; tail 79 long (Fig. 44)
C. periarterialis (Cabellero, 1948)

Left spicule with distinct notch in tip, bent sharply at about dis-

tal third, broad basally, 72-81 long, right with median third

thickened, tip rounded, 62-70 long, four pairs postanal papillae;

tail 240 long (Fig. 33) C. alii Sultana, 1962

10(6). Body 25 mm or more long; left spicule bent sharply ventrad distally .. 11

Body 20 mm or less in length; no preanal papillae (C. bosei

[couplet 21] 9-11 mm long) 12

11(10). Spicules pointed, right 73-84 long, thinner than left, left 91-94

long; four pairs pre- and three pairs jjostanal papillae; tail 70-

90 long (Fig. 36) C. braziliensis Yeh, 1957
Spicules robust, about equal in width throughout length, heavily

chitinized on dorsal side, right 64-95 long, left 75-105 long;

three to four pairs postanal papillae; tail 200-270 long (Fig.

46) C. quiscali (von Linstow, 1904)

12(10). Body less than 10 mm long 13
Body 10 mm or more long 14

13(12). Spicules pointed, sickle-shaped, both transversally striated through-
out length, right with distal third thicker, 80-97 long, left slen-

der, 58-68 long, five pairs postanal papillae; body 4-7 mm long;

tail 61 long (Fig. 52) C. striatospiculata Hibler, 1964
Spicules smooth, robust, neither sickle-shaped nor acute distally,

right 60, left 72; three pairs postanal papillae; body 6 mm
long; tail 153 long (Fig. 54) C. thapari Rasheed, 1960

14(12). Spicules distinctly acute distally 15
Spicules rounded distally 16

15(14). Spicules narrow throughout length, right 119 long, left 78 long,

caudal papillae uncertain"'; tail 80 long (Fig. 51)
C. stantchinskyi Gilbert, 1932

Right spicule greatly thickened medially, 70-80 long, left not

thickened medially, 70-80 long; four pairs postanal papillae;

tail 240 long (Fig. 39) C. coinmbigallinae (Augustine, 1937)

16(14). Tail 325-345 long; right spicule 56-59 long, left spicule 74-76

long; three pairs postanal papillae (Fig. 43)
C. longicaudata Sonin, 1966

Tail not exceeding 300 long 17

17(16). Tip of each spicule broadly rounded 18

Tip of at least one spicule somewhat pointed but not acute 19

18(17). Right spicule with prominent ventral toothlike i)ro)ection in bas-

al third, middle third widest, 60-62 long, left spicule more ro-

bust, divided into three parts, without toothlike projection, 69-

71 long; three pairs postanal papillae; tail 270-300 long (Fig.

49) r. siughi Ali, 1956
Spicules without toothlike i)roio( tioiis, left the more strongly bent,

79 long, right narrower, straighter, 72 long; four ])airs ]iostanal

papillae; tail ^00 long (Fig. 53) C. sultana Sonin, 1966

19(17). Right spicule with prominent mid ventral toothlike projection,

the more slender, 50-fiO long, left i^nuh broader, with ventral

indentation separating two buh^es; throe pairs postanal papil-

"Sultana (1962) reported four pairs of postanal papillae; right spicule 72 lonp, left 79; no illustrations.
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lae; tail 200-230 long (Fig. 48) C. sinensis Li, 1933
Spicules without toothlike projection 20

20(19). Spicules with longitudinal grooves 21
Spicules without grooves 22

21(20). Grooves on ventral side, right spicule with blunt tip, left point-

ed and bent, sharply ventrad, both 70-90 long; three pairs post-

anal papillae; tail 140-160 long (Fig. 35)

C. bosei (Chandler, 1924)
Grooves on dorsal side, giving spicules bipartite appearance, right

85-126 long, left 67-95 long; four pairs postanal papillae; tail

70-105 long (Fig. 40) C. flexivaginalis (Jones, 1961)

22(20). Spicules slender, right with obtuse angular bend on middorsal
side, slightly expanded on mid ventral side, 90-100 long, left

slender, sides nearly parallel, 80-90 long, three pairs postanal
papillae; tail 190-210 long (Fig. 42) .... C. himalayensis Sultana, 1962

Spicules robust, dissimilar, both broad except right, which has
narrow necklike proximal part, each with elongated internal

thickened chitinous portion; right 54-60 long, left 62-70 long;

four to five pairs postanal papillae; tail 180-220 long (Fig.

41) C. hawkingi Chatterjee, Sen, and Bhattacharya, 1965
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TYPIFICATION AND NOMENCLATURE OF HEDYSARUM
BOREALE NUTT. (LEGUMINOSAE)

Terry E. Northstrom^

Abstract.— The holotype of Hedysarum boreale Nutt. is convarietal with natural populations now
known as Hedysarum boreale Nutt. var. cinerascens (Rydb.) Rollins instead of var. boreale. The new
combination Hedysarum boreale Nutt. var. rivulare (Williams) Northstrom is proposed for popula-

tions formerly known as var. boreale.

Considerable confusion has been ap-

parent in taxonomic literature in recent

years concerning the application of the

binomial Hedysarum boreale Nutt. be-

cause the type specimen could not be lo-

cated by previous workers nor by the pres-

ent author in an earlier study (North-

strom & Welsh 1970).

Thomas Nuttall described Hedysarum
boreale (1818) from specimens collected

in the vicinity of the Mandan Post of

the Missouri Trading Company in the

summer of 1811 (Graustein 1967). In

his original description, however, Nuttall

(1818:110), failed to stress any of the

characters which are significant in de-

limiting Hedysarum taxa either on the

specific or the infraspecific level. In ad-

dition, he indicated that he was not en-

tirely sure that his plant was not Hedy-
sarum alpinum of Michaux (1803).

There are presently three varieties of

Hedysarum boreale recognized as occur-

ring in North America. The first, the typi-

cal var. boreale, is characterized by hav-

ing leaflets which are usually glabrous

above and very sparsely villous below.

The second, var. cinerascens (Rydb.) Rol-

lins, possesses leaflets which are beset

with many appressed, satiny hairs on both

the upper and lower surfaces, the whole
plant being quite villous. The third, var.

gremiale (Rollins) Northstrom & Welsh,
is distinguished by the presence of dis-

tinct spines which arise from the costae

of the loment articles. These three taxa

occupy rather distinct geographical areas

and are morphologically quite distinct, al-

though they exhibit a nearly complete de-

gree of intergradation which is in

harmony with the current use of the

varietal rank.

After geographically {)lotting the distri-

bution of Hedysarum boreale var. cineras-

cens, it became evident that the type lo-

cality reported by Nuttall in his original

description of Hedysarum boreale falls

within the distribution pattern of var.

cinerascens instead of var. boreale. This,

together with the description of the leaf-

lets given by Nuttall as being "partly

villous," stimulated a renewed search for

a type specimen.
A type specimen was finally located in

the British Museum (Natural History)

and was obtained on loan (Fig. 1). Al-

though Nuttall did not designate this par-

ticular specimen as the type, it is impera-
tive that it be considered as such, since it

appears to be the only specimen of Hedy-
sarum boreale which was retained in Nut-
tail's personal herbarium until after his

death in 1859 and subsequently sold to the

British Museum by Thomas Booth in

1860 (Graustein 1967). It was imme-
diately recognized that this type is indeed

homologous with populations currently

known as Hedysarum boreale {H. boreale

ssp. boreale of Welsh 1968), but is con-

varietal with populations now known as

var. cinerascens instead of var. boreale.

The population now known as var.

cinerascens appropriately becomes the

typical variety, while the glabrous-

leafed population requires a new varietal

epithet. Article 11 of the International

Code of Botanical Nomenclature (Stafleu

et al. 1972) states that the earliest avail-

able legitimate epithet published in the

proper rank has priority. The earliest

available name for this entity is H. pab-

ulare A. Nels. var. rivulare Williams,

Ann. Missouri Bot. Gard. 21:344. 1934,

and thus the new combination Hedysarum
boreale Nutt. var. rivulare (Williams)

Northstrom is proposed.

A closely related taxon, Hedysarum
mackenzii, was described by Richardson

(1823) as a distinct species. In recent

years, however, this entity has been recog-

'Department of Biology, I^redo lunioi College, Laredo, Tc\,is 78040.
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Typ* Bp«olm«n

Fig. 1. Photograph of the holotype of Hedysarum boreale Nutt. ssp. boreale var. boreale: A. en-

tire specimen; B. close-up of one leaf illustrating the dense pubescence.

nized both as a subspecies (Welsh 1968)
and as a variety (Hitchcock et al. 1961)
of Hedysarum boreale. The present author
follows the treatment of Welsh (1968).
A further note in relation to this entity

concerns the formation of its specific

epithet. Article 73 of the International

Code of Botanical Nomenclature (Staf-

leu et al. 1972) states that when a spe-

cific epithet is taken from a personal name
ending in a vowel, the letter "i" is added.

Hence, Hedysarum mackenzii Richards.

(Frankl. .lournal Bot. App. 745. 1823)
should be cited as Hedysarum mackenziei
Richards.

The synonomy of the species is as fol-

lows:

Hedysarum boreale Nutt. ssp. boreale var.

boreale, Gen. N. Am. P. 2:110. 1818.

Hedysarum canescens Nutt. ex T. & G.. Fl.

N. Am. 1:357. 1838, nom. illegit.

Hedysarum cinerascens Rydb.. Mem. New
York Bot. Gard. 1:257. 1900.

Hedysarum macquenzii Richards, f. canescens

(Nutt.) Fedtschenko, Acta Hort. Petrop. 19:

274. 1902.

Hedysarum macquenzi Richards var. canes-

cens (Nutt.) Fedtschenko, Acta Hort. Pet-

rop. 19:362. 1902.

Hedysarum boreale Nutt. var. obovatum
Rollins. Rhodora 42:235. 1940.

Hedysarum boreale Nutt. var. cinerascens

(Rydb.) Rollins. Rhodora 42:234. 1940.

Hedysarum boreale Nutt. var. cinerascens

(Rvdb.) Rollins, f. album B. Boi., Nat.

Canad. 87:34. 1960.

Type. Fort Mandan. on the banks of the Mis-
souri. Nuttall s.n. (Holotype bm!)

Hedysarum boreale Nutt ssp. boreale var.

rivularc (Williams) Northstrom,

comb. nov.

Hedysarum carnosulum Green. Pittonia 3:212.

1897.

Hedysarum pabulare A. Nels., Proc. Biol. Soc.

Wash. 15:185. 1902.
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Hedysarum utahense Rydb., Bull. Torrey Bot.

Club 34:424. 1907.

Hedysarum pabulare A. Nels. var. rivulare

Williams, Ann. Missouri Bot. Gard. 21:344,

1934.

Hedysarum mackenzii Richards, var. pabulare
(A. Nels.) Kearnej' & Peebles, Wash. Acad.
Sci. 29:485. 1939.

Hedysarum boreale Nutt. var. typicum Rol-

lins, Rhodora 42:232. 1940.

Hedysarum boreale Nutt. var. utahense
(Rydb.) Rollins, Rhodora 42:232. 1940.

Hedysarum mhckenzii Richards, var. fraseri B
Boi., Canad. Field-Nat. 65:20. 1951.

Type. Along the Snake River, Teton County,
Wyoming, 31 July, 1932, L. O. Williams
975 (Holotype rm!; Isotypes g, utc!, ny,
mo).

Hedysarum boreale Nutt. ssp. boreale var.

gremiale (Rollins) Northstrom &
Welsh, Great Basin Nat. 30:125.

1970.

Hedysarum gremiale Rollins, Rhodora 42:230.

1940.

Type. 14 miles west of Vernal, Uintah County,
Utah, 16 June 1937, Rollins 1733 (Holotype,
G; Isotypes ph, okl!).

Hedysarum boreale Nutt ssp. mackenziei
(Richards.) Welsh, Great Basin Nat.

28:152. 1968.

Hedysarum mackenzii Richards., in FranJcl.

Journal Bot. App. 745. 1823.

Hedysarum dasycarpum Turcz., Bull. Soc. Nat.
Mosc. p. 68. 1840.

Hedysarum americanum Michx. var. mackenzii
Britt., Mem. Torrey Bot. Club. 5:202. 1894.

Hedysarum mackenzii Richards, f. niveum B.

Boi., Canad. Field-Nat. 65:20. 1951.

Hedysarum mackenzii Richards f. proliferum
Dore, Canad. Field-Nat. 73:151. 1959.

Hedysarum boreale Nutt. var. mackenzii
(Richards.) C. L. Hitchc, Univ. Wash.
Publ. Biol. 17 (3): 275. 1961.

Hedysarum boreale Nutt. f. proliferum (Dore)
B. Boi., Nat. Can. 94:630. 1967.

Type. Barren grounds. Point Lake to the

Arctic Sea, Richardson s.n. (Holotype,
bm!).
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SOUTHERN RANGE EXTENSION OF THE WHITE FIR DWARF
MISTLETOE IN ARIZONA^

Robert L. Mathiasen'-'

ABSTiy\CT.— Discovery of a small isolated population of the white fir dwarf mistletoe, Arceutho-
bium abietinum f. sp. concoloris, in the ChiricaJiua Mountains of southeastern Arizona extends the
southern distribution of this mistletoe 300 miles. The rare occurrence of the mistletoe in the
southwest suggests that it once had a more southerly distribution but only survived past climatic
changes in a few locations.

White fir dwarf mistletoe, Arceutho-
bium abietinum Engelm. ex Munz f. sp.

concoloris, is a serious pathogen of white
fir, Abies concolor (Gord. and Glend.)
Lindl., in the western United States

(Scharpf and Parmeter 1967). Hawks-
worth and Wiens (1972) list the distribu-

tion of this dwarf mistletoe from southern
Washington southward through the Cas-

cade Range and Sierra Nevada to the San
Bernardino Mountains in southern Cali-

fornia. It is also known from three iso-

lated areas: the Charleston Mountains,
Nevada; Kane County in southwestern
Utah; and Grand Canyon National Park,
Arizona.

This note describes another isolated

population recently discovered in the

Chiricahua Mountains of Cochise County,
Arizona. The population occurs in an area

of about 60 acres in Mormon Canyon
(T18S, R29 1/2 E) on the west side of the

range at an elevation ranging from 7200
to 7800 feet. Growing in association with
the white fir in Mormon Canyon are

Pinus ponderosa Laws, (ponderosa pine),

Pinus strobiformis Engelm. (southwestern
white pine), Pseudotsuga menziesii

(Mirb.) Franco {Tio\x^SiS-i\r)
,
Quercus re-

ticulata Humb. and Bonpl. (netleaf oak),

and Quercus hypoleucoides A. Camus
(silverleaf oak). Four other dwarf mistle-

toes, Arceuthobium vaginatum (Willd.)

Presl subsp. cryptopodum (Engelm.)
Hawksw. and Wiens on ponderosa pine,

A. douglasii Engelm. on Douglas fir, A.

apachecum Hawksw. and Wiens on south-

western white pine, and A. gilli Hawksw.
and Wiens on Chihuahua pine, are also

in the Chiricahua Mountains. However,
only A. douglasii was observed in the

immediate vicinity of the infected white

fir in Mormon Canyon. A. douglasii has

rarely been collected on white fir, and

these two dwarf mistletoes can be easily

distinguished by morphological charac-
ters.

The existence of such an extremely iso-

lated population of white fir dwarf mistle-

toe is difficult to explain. The Chiricahua
population is approximately 300 miles
south of the nearest known population
on the south rim of the Grand Canyon.
Gill (1935) cited three areas for A.
abietinum located between Grand Canyon
and the Chiricahua Mountains: San Fran-
cisco Peaks, Arizona {Abies sp.), Mogol-
lon. New Mexico, and Pinaleno Moun-
tains, Arizona {Abies lasiocarpa [Hook.]
Nutt. var. arizonica [Merriam] Lemm.,
corkbark fir). However, Hawksworth and
Wiens (1972) reported that Gill's cita-

tions were based on occasional parasitism

of Abies by Arceuthobium douglasii. An-
drews and Daniels (1960) reported

dwarf mistletoes on true fir on six plots

distributed over the Apache, Gila, and
Lincoln national forests and the Fort

Apache Indian Reservation. These re-

ports have subsequently been checked
and were found to all be cases of para-

sitism of Abies by A. douglasii (Hawks-
worth pers. comm. 1976). Therefore,

there are no known records of A. abietium
occurring between the Grand Canyon and
the Chiricahua Mountains. Hawksworth
and Wiens (1972) suggest that the scat-

tered distribution of white fir in the Great

Basin and southern Rockies may have pre-

vented the spread of A. abietinum into

these areas from its primary distribution

in the Sierra Nevada and Cascade ranges.

The extremely isolated population of

A. abietinum in the Chiricahua Moun-
tains, which is near the southern limits

of white fir, suggests that the mistletoe

may have had a more southerly distri-

bution in the past. Zavarin et al. (1975)

^University of Arizona Agricultural Experiment Station Article No. 2588.

-Department of Plant Pathology, University of Arizona, Tucson, Arizona 85721.

461



462 GREAT BASIN NATURALIST Vol. 36, No. 4

account for the separation of white fir

into two varieties during the PHocene and
Pleistocene due to the formation of large

arid regions between the western and
eastern ranges of the species. As climatic

conditions became warmer and drier,

white fir migrated to higher montane ele-

vations. A. ahietinum may have been dis-

tributed in the lower areas white fir once
occupied and fnay have been unable to

adapt to the environmental conditions

encountered at higher elevations. In a

few locations, however, conditions re-

mained favorable for its survival. This

may also account for the extremely iso-

lated population of Phoradendron bollean-

um subsp. pauciflorum (Torr.) Wiens in

the Santa Catalina Mountains of southern

Arizona. The main distribution of this

mistletoe is in California and it has not

been found in other mountain ranges in

Arizona.
Hawksworth and Wiens (1972) cite

examples of dwarf mistletoe distributions

which are probably best accounted for by
seed dissemination by an avian vector.

Studies of the importance of birds in the

long-range dissemination of dwarf mistle-

toes have not been published, but many
distributional patterns are known where
this means of seed dispersal is the most
likely explanation. One factor that must
be considered is that dwarf mistletoes are

dioecious and at least one male plant and
one female plant must become established

in an isolated area for a successful infes-

tation. The accidental introduction of the

white fir dwarf mistletoe into the Chirica-

hua Mountains by an avian vector over

such a large distance seems unlikely.

Representative collections of A. ahieti-

num f. sp. concoloris from Mormon Can-
yon (Mathiasen 7602) have been filed at

the University of Arizona Herbarium
(ariz) and at the U.S. Forest Service

Mistletoe Herbarium, Ft. Collins, Colo-

rado (fpf).

I wish to express my appreciation to

Drs. F. G. Hawksworth, U.S. Forest Ser-

vice, Ft. Collins, Colorado; to R. L. Gil-

bertson and G. B. Cummins, Department
of Plant Pathology, University of Arizona,

Tucson, Arizona; and to Diane Ensign for

her assistance in the collection of speci-

mens.
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DESCRIPTION OF A NEW SPECIES OF PHYLLOTROX
INFESTING SEEDS OF ACER GRANDIDENTATUM,

WITH NEW SYNONOMY AND A NOTE ON EUCLYP I US
(COLEOPTERA: CURCULIONIDAE. ERIRHININAE)

Rose Ella Warner^

Abstract.— A new species of weevil, Phyllotrox canyonaceris Warner, is described, new synon-

omy, and distribution records of eight species of the genus Phyllotrox in North America are given.

0.99 mm, wider than pronotumi; sides

feebly arcuate, tapering from basal third

to ape.x; intervals of equal width except
intervals 1 and 2 wider and more convex
at apex; striae well defined, with small,

deep, round, close-set punctures, each
[)uncture with mimite golden setae;

clothed with fine semiappressed golden
hairlike setae. Venter. Anterior coxae
closer to posterior margin than to anterior

margin of prosternum; pubescence of fine

whitish hairlike setae, dense laterally on
metasternum and on lateral angle of visi-

ble abdominal sterna 3 and 4; metaster-

num densely punctured laterally, abdom-
inal sterna finely, sparsely punctured,
visible sternum 5 more densely punc-
tured; visible abdominal sterna 1 and 2
subequal in length, 3 and 4 equal, 5 as

long as 3 and 4 combined; visible sterruam

1 slightly concave; visible sternum 5 with
apex deeply notched medially; pygidium
medially with deep oblong fossa, extend-

ing almost to apex, (lenitalia as figured

(Figs. 1, 2).

Fem.xle.— Allotype. Length 2.49 mm,
width 1.10 mm; like male except ventral

punctures finer; visible sternum 5 con-

vex, shorter, not notched but transversely

deeply de])ressed just before raised apex;

[ngidium flat, coarsely punctured, each
puncture with a whitish scale, and with
stiff golden setae on margin; spermatheca
and sternum 8 as figured (Figs. 3, 5).

HOLOTYPE, MALE, AND ALLOTYPE, FE-

MALE.—Utah, Cache Co., Logan Canyon,
above Lewis M. Turner Campground,
8-VII-73, Philip A. Barker, Hopkins no.

58406; reared from samaras of Acer gran-

didentatum Nutt., USNM type no. 73809.

Par.atypes: 10 males and 12 females,

same data as holotype. Male paratypes
vary in length from 2.32 to 2.65 mm, fe-

'Systematic Entomology Laboratory, IIBIII, Agi-. Res. Serv.. IJSD.\. MnilinR address: U.S. National Miisciini. Washing-
ton. D.C. 203r,O.

A name has been requested for a weev-
il infesting the seeds of bigtooth or canyon
maple, Acer grandidentatum Nutt., a

maple indigenous to the intermountain
region. The life history of the weevil is

currentl}' being studied by others. I have
determined that it is a new species, and
I describe it below.

Phyllotrox canyonaceris, n. sp.

Fig. 1-5

Male.— Holotype, body oblongovate,

length 2.40 mm, width 1.10 mm; integu-

ment light brownish yellow, rostrum,
head, scutellum, elytral suture, and venter
darker; clothed with golden hairlike setae.

Head. Brownish red, densely, finely

punctured; golden hairlike setae between
eyes. Eyes large, convex. Rostrum a little

shorter than pronotum, arcuate, densely
punctured, punctures elongate, tending to

become confluent longitudinally; sparse

golden hairlike setae visible at high mag-
nification. Antennae inserted at apical

third of rostrum; scape slender, slightly

arcuate, nearly attaining the eye; funicle

densely pubescent, compact, 7-segmented,
first segment stout, much wider and 3

times as long as second, 2-7 subequal in

length, 7 a little wdder than others; club
oval, as long as funicidar segments 2-7

combined; densely clothed with fine pub-
escence. Thorax. Dorsal ly slightly convex,
wider than long (0.66-0.49 mm), sides

evenly rounded, feebly constricted at

apex; densely punctured, each puncture
with golden, recumbent seta. Legs. Slen-

der, sparsely clothed with fine golden
hairlike setae; uniformly reddish yel-

low; tarsi slender, tarsal segment 3 deep-
ly bilobed; claws simple, divergent,

broadened at base (Fig. 4). Elytra. Ob-
long, length 1.66 mm, width at humeri
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Figs. l-'S. P/iyl/otrox canyonaceris n. sp.; 1-2, median lobe of male genitalia, 1. dorsal, 2. lateral; 3.

sternum 8 of female; 4. claw, posterior tarsus; 5. spermatheca. Drawn by Keiko Hiratsuka Moore.
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male paratypes vary in length from 2.32

to 2.70 mm. Ihis species varies little.

The head and motasternimi are some-
times dark brown to black. The ])ronotum

frequently has a fine, longitudinal,

slightly raised, impunctate median line.

I also studied 208 nonparatypic speci-

mens, collected between April and Oc-

tober, from the following locations:

UTAH. Cache Co.: Providence; Logan
Canyon: electric power station, second

dam, power plant, NE China Row, above
hydroelectric plant. Dewitt Meadows,
four miles up canyon; Wellsville Canyon;
Green Canyon; Cub River Canyon; Wil-
low Flat. Box Elder Co.: Box Elder Can-
yon; Mantua. IDAHO. Franklin Co.:

Cub River Canyon: Willow Flat; Straw-

berry Canyon; Mink Creek Canyon.
The above specimens were found on the

following plants (in order of frequency):
rubber rabbitbrush, Chrysothamnus naus-

eosus (Pallas) Britt; gum wood, Grin-

dela squamose (Pursh) Dunal; golden

rod, Solidago sp.; sunflower, Helianthus
annuus L.; and specimens reared from
duff and soil samples taken directly be-

neath Acer grandidentatum.
Specimens are in the collection of the

Utah State University, Logan, Utah.
This species is very similar in general

appearance to P. rutilus (Fall). It differs

in having a shorter, stouter rostrum, a

compact antennal funicle, a deeper notch

on visible sternum 5 in the male, and a

transverselv depressed visible sternum
5 in the female. In rutilus the rostrum and
antennal fimicle are more slender; the

nCKtch on visible sternum 5 in the male
is broader and in the female visible ster-

num 5 at apex has on each side of the

miflrlle a short, oblique, rounded carina.

PhyJlotror canyonaceris may also be con-

fused with P. nuhifer LeConte, but nuhi-

fer has a straight rostrum and usualh- has

a black ro'^trum. head, and scutollar area

and a darker venter.

The three species can easilv be sepa-

rated bv the differences in the shape of

the median lobe of the male genitalia and
bv the shape of the female spermatheca
and sternum 8.

Etymology.— The name canvonaceris

is one of the common names of canvon
maple, the host. This maple is found so

predominatelv 'n^ the canyons of the Wa-
satch Moimtains that the name seems
fitting.

Biology.— The species develops in the

seeds of Acer grandidentatum. one larva

in each seed. Adults visit the flowers in

the spring and lay eggs directly on the

rudimentary seed. In August larvae

emerge from the seeds through a hole they
make in the shell of the samaras. After

boring out of the samaras, the larvae

drop to the duff beneath the tree, where
they complete their development to adult-

hood either in the fall or during the fol-

lowing spring. Larvae are most abundant
in seeds in early summer (Barker 1974:

7).

Euclyptus Dietz, 1891 (type species

testaceus Dietz), described in the sub-

family Anthonominae, was synonymized
by Champion (1902:141) with Phyllo-

trox Schoenherr, 1843:190 (type species

P. semirufus Boheman [= P. rufus

Schoenherr. in error]), a genus of the sub-

family Erirhininae. Kissinger (1964:54),

although questioning Dietz's action and
apparently overlooking the synonymy of

Champion, retained Euclyptus in Antho-
nominae (tribe Endaeini). I recognize as

correct the synonymy proposed by Cham-
pion; therefore. Euclyptus is retained un-

der Phyllotrox in Erirhininae.

The genus Phyllotrox in North America
now contains the following species:

canyonaceris Warner, new species. Utah.

Idaho.
derivatus (Fall), 1913:44. New Mexico,

Arizona.
equisetus (Fall). 1913:44. New Mexico.

Arizona.
jerrugineus T.eConte. 1876:174 (= testa-

ceus Dietz, 1891:272) New Synonymy.
New York. New Jersey. Virginia. District

of Columhia. Maryland. North Carolina,

Georgia. Florida, and Iowa.

niihifrr I.eConte. 1876:174 ( -- fulvipennis

Sleeppi-. 19ti:'i4) New Synonymy. Brit-

ish Columhia. California. Colorado. Idaho.

Iowa, Manitoha. Montana. Oregon. Ohio.

T'tah. Washington, and Wyoming.
qunflricnUis Fall. 1907:26'^. New Mexico.
riililus rFall). 1913:43. Arizona. British

Columhia. California, Idaho. Oregon.
South Dakota. Utah, and Washington.

sejunctus (Fall). 1913:43. Colorado. New
Mexico.

The types of all except fuh'ipennis

Sleeper have been examined, but I did

studv paratvpes of fuhnpennis in the U.S.

Nntioiu'd ATiiiipum.
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OBSERVATIONS ON COURTSHIP BEHAVIOR OF
THE DESERT TORTOISE

Jeffrey Howard Black^

Abstract.— Desert Tortoises {Gopherus agassizi) from Utah showed courtship behavior con-

sisting of a complex series of behavioral elements.

In late July 1971, James Valade and I

visited the Beaver Dam Slope west of the

Beaver Dam Mountains, Washington
County, Utah. This was the site of the

study of the Desert Tortoise, Gopherus
agassizi, by Woodbury and Hardy
(1948).
We had the opportunity to observe

courtship in a pair of tortoises from a

ridge of the summer range. These ob-

servations of courtship behavior in a wild
pair were compared with courtship be-

havior in 10 captive Desert Tortoises

from Utah over a three-year period. This
paper reports my observations on court-

ship behavior of Gopherus agassizi from
Utah.
Weaver (1970) reports that courtship

observations on Gopherus agassizi are

numerous, but lacking in detail. Wood-
biuy and Hardy (1948), Householder
(1950), Nichols (1953, 1957), Camp
(1916), Grant (1936, 1946, 1960), Eglis

(1962), Ernst and Barbour (1972), Tom-
ko (1972), and Douglass (1975) are some
publications containing courtship infor-

mation on Gopherus agassizi.

My observations indicate that Desert
Tortoise courtship behavior consists of a

complex series of behavioral interactions

which include visual cues of head move-
ments, apparent olfactory stimuli, at-

tempts by the female to avoid face-to-

face confrontation, and action by the

male—trailing, biting, and ramming to

immobilize the female, circular move-
ments, and vocalization. These behavioral

elements have been described and defined

in Gopherus and other tortoises by Eglis

(1962) and Weaver (1970).
This particular sequence of behavioral

events in Gopherus agassizi varies in some
respects compared with that of other spe-

cies of Gopherus as reported by Auffen-
berg (1966), Weaver (1970), and Ernst
and Barbour (1972).

•Department of Biology
University of Oklahoma, Nomian

Oklahoma Baptist University,
Oklahoma 73069.

According to my observations, court-

ship behavior can be divided into the

following arbitrary stages.

Stage 1 . Courtship behavior begins with
the male approaching the female. She re-

mains indifferent or moves away, oc-

casionally meeting the male, bobbing her
head slightly as she does. If the fe-

male remains motionless, the male may
touch parts of her shell and head, per-

haps for sex recognition through olfactory

cues. The initial approach may also in-

clude some low-intensity head bobbing
by the male.

Stage 2. The trailing stage occurs if

the female moves away. Early trailing

by the male includes low-intensity head
bobbing with the neck not fully extended
(Fig. lA). The trailing stage can last a

variable length of time with intensity

increasing as the female increases her
walking speed and moves in different

directions away from the male. The male
speeds up to overtake the female with an
increase in intensity of head bobbing and
with the neck fully extended.

Stage 3. This stage begins when the

male catches up with the female. He con-

tinues with high-intensity head bobbing
while circling the female, usually in a

counterclockwise direction (Fig. IB). The
female continues to move away and may
try to avoid the male by circling around
him.
Once the female stops, the intensity

of male head bobbing decreases as he
starts to bite the female (Fig. IC). The
female may try to avoid the male by
withdrawing her front feet and head, and
by turning by use of the extended hind
feet. The male stays in front of the fe-

male, biting the head and legs, first one
and then the other (Fig. ID). Occasion-

ally the carapace is bitten. The female
may continue to avoid the male, but he
continues to circle to keep in front of her

Shawnee, Oklahoma 74801 and J. Willis Stovall Museum,
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while biting the legs, head, and carapace.

Sometimes he rams with his mouth open,

and the gular projections smash together

(Fig. IE). At the end of this stage, the

fema,le ceases to move away and is com-
pletely withdrawn into her shell.

Stage 4. This stage begins as the male
starts to mount the female. Frequently
he mounts from the side with his head
close to the female's head, ready to bite

her (Fig. IF). The female usually stays

withdrawn into her shell. The male
moves towards the posterior part of the

female's carapace with short hops on his

hind feet, and his front legs making
scratching sounds on the female's cara-

pace. Hissing and grunting sounds are

frequently produced. Once the posterior

part of the female's carapace is reached,

he moves his tail forward to copulate

(Fig. IG). The male also performs ver-

tical pumping movements accompanied by
hissing and grunting. Intromission takes

place at this time if the courtship is suc-

cessful.

Stage 5. The female moves away
whether the courtship is successful or un-
successful, or the male may fall off. If he
attempts to stay on the female's carapace,

the male takes short hops with the hind
legs while scratching the female's cara-

pace with his front legs. Hissing and
grunting sounds are still produced by the

male.
When the male falls off and the female

moves away, courtship can cease or begin

again.

The time for each stage has not been
indicated. A single stage, such as trailing,

can last for a few minutes to several

Fig. 1. Courtship behavior in Gopherus agassizi from Utah. A. trailing with low-intensity head
bobbing; B. circling with high-intensity head bobbing; C. biting head; D. biting front leg; E. ram-
ming; F. mounting; G. copulation.
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hours, whereas the mounting stage rarely
exceeds 10 minutes. Several of the com-
plete courtships I observed exceeded one
hour 20 minutes.

I found, as did Weaver (1970), that

vocalization during courtship did not ap-
pear to serve as an auditory signal, but is

the by-product of the long copulatory ef-

fort.

It is hoped that these observations will

add additional details to our knowledge
of the courtship behavior of Gopherus
agassizi.

I express my appreciation to Amy Wil-
cox for her illustrations, which were
drawn from black and white photographs
taken by the author. A special thanks to

Richard L. Lardie for his comments and
to Catherine Walsh for typing.
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HELMINTH PARASITES OF CATS AND DOGS
FROM CENTRAL UTAH^

Thomas W. Sawyer'-, Lari M. Cowgill^, and Ferron L. Andersen^

Abstract.— A survey of the helminth parasites of 100 stray cats and 50 dogs was conducted.

Each host was euthanized, and the internal organs were excised and examined for parasites. Hel-

minths identified from cats included the tapeworms Dipylidium caninum and Hydatigera taenia-

formis, and tlie nematodes Physaloptera sp. and Toxocara mystax. Two species of coccidia, Isospora

felis and /. rivolta, and one ectoparasitic mite, Cheyledella parasitivorax, were also recovered from
cats during sugar flotation of the feces. Helminths identified from dogs mcluded the tapewoiins

D. caninum, Taenia hydatigcna, T. krabbei, and T. pisiformis, and the nematodes Filaroides milksi,

Toxascaris leonina, and Toxocara canis. Of those parasites collected, D. caninum, T. canis, and T.

mystax are known to cause accidental infection in humans and could represent potential health

hazards in this region.

In recent years, several parasites of

cats and dogs have been shown to cause

disease in man. Most notably, Toxoplas-

ma gondii, Echinococcus sp., Multiceps

sp., Dipylidium caninum, Toxocara sp.,

Ancylostoma sp., and Dirofilaria immitis

have all been found to occasionally para-

sitize humans. Therefore, further knowl-
edge regarding the incidence of these

parasites w^ithin a community has both

veterinary and public health significance.

Although several surveys of the para-

sites of domestic cats and dogs have been
conducted throughout the United States

(Levine 1968, 1973), no survey has been
reported on the parasites of cats in Utah.
The only reported survey for the hel-

minth parasites of dogs in Utah was by
Butler and Grundman (1951); however,
their study involved examination of feces

only. The current survey was conducted
to identify the helminth parasites found
at necropsy in cats and dogs from Utah
County in central Utah.

Materials and Methods

Cats and dogs examined in this study
were obtained through the animal control

facilities in Provo, Orem, and American
Fork, Utah. The animals were euthan-

ized with an intracardiac injection of so-

dium pentabarbitol at the recommended
dosage level (1 ml/2 kg body wt). The
entire alimentary tract, gall bladder, bile

duct, liver, heart, pulmonary artery, res-

piratory and excretory systems were ex-

cised and examined for helminth para-

sites. Blood samples were also taken from
the hearts of cats shortly after death.

Smears were subsequently stained with

Geimsa and examined microscopically for

microfilariae and other blood parasites.

The first 30 dogs were also examined for

microfilariae using the technique de-

scribed by Knott (1939). The possibility

of infections with Trichinella spiralis

was ascertained by pressing a 2-cm square

sample of diaphragm muscle between two
1/4" plexiglass slides and then examining
the tissue under the dissecting microscope

for encysted larvae. Fecal samples were
also routinely collected from cats and
examined using sugar flotation for coc-

cidia and helminth eggs. Any oocysts

found were mixed with 2.5 percent po-

tassium dichromate and allowed to sporu-

late at room temperature for five to seven

days in order to facilitate identification of

the oocysts.

Results

C.^TS: Postmortem examinations of 100

cats from Provo and American Fork,

Utah, revealed that 53 harbored at least

one species of parasite. The following

four genera and four species of helminths

were identified: Dipylidium caninum (1

percent of cats infected), Hydatigera tae-

niaformis (10 percent), Physaloptera sp.

(2 percent), and Toxocara mystax (43

percent)

.

Two species of coccidia were also re-

covered during sugar flotation of feces

—

Isospora felis in six cats, and Isospora ri-

^This project was supported in part by Public Health Service Grant AI 10588.

^Division of Epidemiology, School of Public Health. University of California, Los Angeles, California 90024.

^Department of Zoology, Brigham Young University, Provo, Utah 84602.
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volta in four. In addition, one ectopara-

sitic mite, Cheyletiella parasitivorax^ was
detected in the feces of four cats.

Dogs: Of 50 dogs examined from Provo
and Orem, Utah, 31 were infected with at

least one species of helminth. The follow-

ing five genera and seven species of para-

sites were identified: Dipylidium cani-

num (2 percent of dogs infected). Taenia
hydatigena (4. percent). Taenia krabbei

(26 percent). Taenia pisiformis (4 per-

cent), Filaroides milksi (2 percent), Toxa-
scaris leonina (6 percent), and Toxocara
canis (26 percent).

. Discussion

This study demonstrated that 53 per-

cent of cats and 62 percent of dogs sur-

veyed from central Utah harbored para-

sites of at least one species. The most
frequently encountered parasite was
Toxocara sp., the common ascarid of cats

and dogs. These hosts become infected by
ingesting infective ova from the ground or

other surfaces contaminated with cat or

dog feces, or by eating rodents which con-

tain infective second-stage larvae in their

tissues (Soulsby 1968). In an extensive

survey of parasites of rodents in Utah,
Grundmann (1976) identified ascarid lar-

vae only in the desert woodrat, Neotoma
lepida. Thus, this intermediate host may
be an important source of infection to

feral cats or stray dogs in this region.

Humans may become infected with the
larval stages of Toxocara sp. by acciden-
tally ingesting the ova passed from infect-

ed carnivores. Beaver et al. (1952) con-

cluded that such infections in humans,
termed visceral larva migrans, were usual-
ly caused by the larvae of Toxocara canis
from dogs; however, T. mystax from cats

has also been implicated (Swartzwelder
1941). Symptoms in humans include hy-
perglobulinemia and a pneumonia-like
condition (Haddow and Gall 1970), hy-
pereosinophilia (Lee and Danaraj 1972),
hepatomegaly, fever, cough, anorexia, ir-

ritability, and nervous disorders (Beaver
1958). The high prevalence of this ne-
matode in the current survey suggests
that a potential threat to human health
exists in these communities and that fur-

ther education concerning this parasite is

warranted.

Toxascaris leonina, another intestinal

ascarid, was collected from three of 50

dogs, but from none of the cats examined
in this study. This worm does not follow

the typical migratory route through the

lungs, and therefore is relatively non-
pathogenic to its host. Butler and Grund-
mann (1951) found a lower incidence of

this helminth (3.5 percent) in their sur-

vey from fecal samples only; however,
single adult males were found in the cur-

rent project that would have gone un-
noticed in their survey.

Physaloptera sp., a stomach worm of

carnivores, was collected from two of 100
cats. Generally, these nematodes are firm-

ly attached to the stomach mucosal lining

on which they feed, but, on occasion, they
change their site of attachment, leaving

numerous lesions that might continue

to bleed (Soulsby 1968). This parasite

has been reported from cats in Hawaii
(Ash 1962), Michigan, New York, Illi-

nois, Louisiana, and Ohio (Levine 1968),
but no Physaloptera sp. has been pre-

viously reported in Utah. Even though the

past history of stray cats examined in this

study is unknown, it is presumed that

Physaloptera sp. is a valid parasite of cats

in this region.

Filaroides milksi^ a nematode some-
times found in the lungs of canids, was
collected in this study from the left ven-
tricle of a young spaniel. This dog was
born in central Utah and had never left

prior to being released to the animal con-

trol facility by its owner. The life cycle

of F . milksi is unknown, but a terrestrial

gastropod is assumed to be the inter-

mediate host (Levine 1968). This is the

first reported incidence of this parasite in

Utah.
No Trichinella larvae were found in

either the dogs or cats examined in this

survev, nor were any lar\^ae detected by
Grundmann (1976) in his survev of para-

sites of rodents in Utah. Also, no hook-
worms we»-e recovered from cats or dogs
examined in this studv, althou.frh Butler
and Grundmanii (1951) found eggs of

Ancylostorna sp. in the feres of 11 per-

cent of .^00 do)7s examined from Salt Lake
Vallev.

The double-pored ta})eworiTi of dogs,

Dipyh'diuni caninurn. was found in one
cat and one dojT surveyed. This is the

first reported infection of cats in Utah,
and only the second reported infection of

(l()<i[s from this rprrion. Butlor a7id Grund-
mann ("1951) first observed one of 200
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dogs examined from central Utah to be
parasitized by D. caninum. The cysticer-

oid larvae of this cestode develop in the

flea, Ctenocephalides sp., and the mallo-
phagan louse, Trichodcctes sp. These inter-

mediate hosts must be ingested by the cat

or dog for infection of the definitive host

to occur. Although documentation is lack-

ing, it appears that fleas and lice are not

common ectoparasites of cats and dogs in

Utah or other arid regions. This would
then account for the low incidence of

tapeworms that use these arthropods as

intermediate hosts. Dipylidium caninum
has also been reported to occasionally

parasitize man (Moore and Connell
1960).
Hydati^era taeniaformis, a common

cestode of cats, was found in 10 percent of

all cats examined. This tapeworm has
been reported in four to 21 percent (mean,
11.7 percent) of cats from three surveys
conducted in the United States (Ash
1962, Mann and Fratta 1952, and Mann
1955). Our study suggests that H. taenia-

formis is a relativelv common parasite of

cats in this region, and that the prevalence
is comparable to the mean presented from
three past studies. Cats become infected

by ingesting the liver of intermediate
hosts such as rats, mice, and, occasionally,

rabbits, which contain the strobilocercus

larvae (Soulsby 1965).
We have noted that muskrats {Ondatra

zibethica) in Utah Valley also harbor
these larval stages. Upon ingestion of the

cysticerci by the cat, the larvae evaginate
and develop to adults in the small intes-

tine. No apparent pathogenicity is caused
by this parasite in the definitive host;

however, the intermediate hosts some-
times develop scar tissue and experience
a slight loss of liver function (Abuladze
1964).
Taenia krabhci was the cestode most

frequently collected from dogs during this

study. The intermediate host for T. krab-

bei is deer in which the cvsticercus larvae

localize in skeletal muscle, heart, and
tongue (Abuladze 1964). Occasionallv
such lanal infections are observed in

meat from mule deer (Odocoileus hem-
ionus) that is brought to our laboratorv

for parasite diagnosis at the time of the

deer hunting season in this area. Small
adult tapeworms (0.25-0.40 m in length)

with no gravid prooflottids were collected

from dogs in November, which time coin-

cides wdth the end of the deer hunting
season in most of Utah. Larger adults

(0.75-1.50 m in length) with active pro-

glottids separated from the strobila were
collected in March. It is common practice

in Utah to either discard unusable deer
meat or to feed the less desirable pieces

of meat to dogs. This may explain the

high incidence of T. krabbei and the

seasonal variation in the maturity of the

cestodes collected.

Taenia pisiformis and T. hydatigena
each occurred in four percent of the dogs
examined. The intermediate host of T.

pisiformis is the jackrabbit, in which the

cysticercus larvae localize in the mesen-
teric membranes and rarely in the lungs,

muscles, or brain (Abuladze 1964). In our
study. Taenia pisiformis adults were
found only in large hunting dogs that

were capable of capturing rabbits. Deer
and sheep serve as intermediate hosts for

T. hydatigena. in which the cysticercus

larvae are found in the liver and mesen-
teric membranes (Abuladze 1964). Sheep
farming is conducted in the immed-
iate area around the communities sur-

veyed, and many sheep are not disposed

of properly or promptly after death. Thus,
there is ample opportunity for stray or

roving dogs to become infected after eat-

ing viscera of the intermediate hosts.

Grundmann (1976) also found the larval

stages of T. hydatigena in Utah in jack-

rabbits ( Lepus californicus) , the antelope

ground squirrel {Ammospermophihis le-

curus), voles (Microtus sp.), and the mule
deer (Odocoileus hemionus)

.

No Echinococcus granulosus tapeworms
were identified in any of the dogs sur-

veved in this particular studv; however,
one of 21 sheep dogs from Utah Valley
examined in 1971 for another project was
infected with this parasite (Andersen,
Wright, and Mortenson 1973). Hydatid
disease is considered endemic in parts of

central Utah, especially in Sanpete Coun-
ty, and should be considered a potential

threat to humans throughout Utah Vallev
as well. No Multiceps sp. were recovered

from any of the dogs examined in this

studv; however, we have recovered the

larval stages of this tapeworm from jack-

rabbits (Lepus californicus) in Utah Val-

ley, and have also noted the adult tape-

worms from dogs examined in conjunction

with othcT- proiects. Since the larval stages

can accidentallv infect humans and can
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on occasion cause death (Hermos et al.

1970), this parasite should also be con-

sidered to be of public health significance

in this region.

Prevention of parasitic infections in cats

and dogs is a matter of proper hygiene
based upon knowledge of the development
and life cycle of individual parasites. A
concerted effort to dispose of pet excreta

and periodically to treat household pets

for parasites is needed in order to prevent
human contraction of animal parasites.

Education of the public regarding the ease

of transmission of certain important para-

sites of cats and dogs to man and a con-

tinual emphasis on prevention -and treat-

ment will bring about a reduction in the

incidence of parasites of household pets in

this region.

Acknowledgments

The authors express thanks to the per-

sonnel of the animal control facilities in

Provo, Orem, and American Fork, Utah,
for their assistance in procuring hosts.

References Cited

Abuladze, K. I. 1964. Taeniata of animals and
man and diseases caused by them. Vol. 4,

Essentials of cestodology, K. I. Ski-jabin (ed.),

Acad. Sci. USSR. (Transl. from Russian by
Isr. Prog. Sci. Transl., Keter Press, Jei-usalem,

1970.) 549 pp.
Andersen, F. L., P. D. Wright, .\nd C. Mor-

TENSON. 1973. Prevalence of Echinococcus
granulosus infection in dogs and sheep in

central Utah. J. Amer. Vet. Med. Assoc. 163:

1168-1171.
Ash, L. R. 1962. Helminth parasites of dogs

and cats of Hawaii. J. Parasitol. 48:65-68.
Beaver, P. C. 1958. Animal parasites and hu-

man diseases. Pediatrics 22:380-384.
Beaver, P. C, C. H. Snyder, G. M. Carrera,

J. H. Dent, and .1. W. Lafferty. 1952.

Chronic eosinophilia due to visceral larva mi;
grans. Pediatrics 9:7-19.

Butler, J. M., and A. W. Grundmann. 1951.

Fecal examination of 200 dogs from Salt Lake
City for intestinal helminths. J. Amer. Vet.

Med. Assoc. 118:396-398.

Grundmann, A. W. 1976. Personal communi-
cation. Dept. of Biology, University of Utah,
Salt Lake City. Utah 84112.

Haddow, J. E.. and D. G. Gall. 1970. Occult
helminth infection witli appearance of splenic

and lung calcifications. Amer. J. Dis. Child.

120:555-556.
Hermos, J. A.. G. R. Healy, M. G. Schultz, J.

Barlow, and W. G. Church. 1970. Fatal

human cerebral coenurosis, J. Amer. Med.
Assoc. 213:1461-1464.

Knott, J. L 1939. Method of making micro-
filarial surveys in dog blood. Trans. Roy. Soc.

Trop. Med. Hyg. 33:191-196.

Lee, H. F.. and t. J. Danaraj. 1972. Visceral

larva migrans in Malaya. Amer. J. Trop.

Med. Hyg. 21:174-177.

Levine, N. D. 1968. Nematode parasites of

domestic animals and man. Burgess Publish-

ing Co., Minneapolis. 600 pp.
. 1973. Protozoan parasites of domestic

animals and man. Burgess Publishing Co.,

Minneapolis. 406 pp.
Mann, P. H. 1955. Additional information per-

taining to the incidence of heartworms and
intestinal helminths in stray cats and dogs in

Bergen County, northern New Jersey. J.

Parasitol. 41:636.
Mann. P. H., and L Fratta. 1952. The inci-

dence of coccidia, heartworm. and intestinal

lielminths in dogs and cats in northern New
.Jersey. .1. Parasitol. 38:496-497.

Moore, D., and F. Connell. 1960. Additional
records of Dipylidium caninum infections in

children in the United States, with observa-
tions on treatment. Amer. J. Trop. Med.
Hyg. 9:604-605.

SouLSBY, E. J. L. 1965. Textbook of veterinary
clinical parasitologv. F. A. Davis Co., Phila-

delphia. 1120 pp.^
. 1968. Helminths, art.hropods, and proto-

zoa of domesticated animals. Bailliere, Tindall,

and Cassall, London. 835 pp.

Swartzwelder, J. C. 1941. Toiocara cati (cat

ascarid) infection in man. Report of an addi-

tional case. J. Trop. Med. Hyg. 20:61-63.



FLEA EXCHANGE BETWEEN DEER MICE AND SOME ASSOCIATED
SMALL MAMMALS IN WESTERN UTAH

Harold J. Egoscue^

Abstract.— Fleas obtained from deer mice an
same times and places are quantified. When dee

18.9 percent of the infested deer mice had can\o
mice carried deer mouse fleas; long-tailed vole fie

mice but 67 percent of tlie voles associated with d

reciprocity was lowest between deer mice and des

among 155 fleas collected from 33 deer mice, an
52 wood rats. Rodent nesting habits, particularly t

variety of situations, is thought responsible for ma
effect of flea dependency on wood rat denning ha

The occurence of host-specific fleas on
other than their normal hosts has certain

implications and usually suggests that the

hosts have opportunities for direct con-

tact or that the hosts share or make some
common use of the same habitat. Prey
fleas on predators are obvious examples
of the first method. The latter routes are

not always so easily explained, but wide-

ly ranging, ecologically tolerant hosts

seemingly would be exposed to the most
chances to acquire stray fleas. The ab-

sence of such reciprocity between appar-

ently ecologically sympatric host species

is also significant and indicates that the

hosts lack opportunities for flea transfers

to occur or that the alternate hosts are un-

acceptable.

In western Utah, the deer mouse, Pero-

myscus maniculatus sonoriensis, easily

qualifies as the area's most ubiquitous

small mammal. It is found in every habi-

tat, has no altitudinal limits, and is sym-
patric in varying degrees with every
small rodent found there. This, combined
v\dth its willingness to live in the vacant
nests and burrows and travel the run-

ways of other animals, helps explain why
the long list of Utah flea records from
deer mice (Stark 1958, Parker and How-
ell 1959, Egoscue 1966) includes so many
adventitious species. No attempts have
been made in western Utah to measure
interspecies flea relationships that com-
pare fleas from deer mice and associated

rodents caught at the same time, place,

and habitat. My data permit such com-
parisons of fleas from deer mice and the

canyon mouse, Peromyscus crinitus per-

gracilis; desert wood rat, Neotoma lepida

d each of three sympatric rodents collected at the

r mice and canyon mice were caught together,

n mouse fleas while 20.8 percent of infested canyon
as were collected from only 3.9 percent of the deer
eer mice had fleas normally found on the latter;

ert wood rats, with three wood rat fleas found
d 12 deer mouse fleas among 403 fleas found on
lie willingness of deer mice to den in a wide
ny stray associations. The long-term evolutionary
bits is briefly discussed.

lepida- and long-tailed vole, Microtus

longicaudus latus. Unfortunately, the data

do not cover all seasons or the entire alti-

tudinal ranges of the four rodents in the

area. Canyon mice were sampled from
most of their known altitudinal ranges in

the Bonneville Basin (4275-6800 ft.), but

a disproportionate amount of the collect-

ing was done near the lower limits.

Unless otherwise mentioned, all locali-

ties are in Tooele County. The work was
accomplished while I was Research Mam-
malogist at the University of Utah.

Methods and Procedures

Snaptrapping versus livetrapping for

ectoparasite studies of small mammals is

an ongoing controversy. Each method has

its advocates, but I tend to agree with

Hopla (1964) that the advantages of snap-

trapping can outweigh the disadvantages,

especially when traps must be carried

long distances over rough terrain. Can-

traps (Scheffer 1934) were used on the

wood rat-deer mouse traplines. The rest

of the animals were collected with snap-

traps. As pointed out by Edwards (1952)

and others, the habits of some small mam-
mals make them difficult to snaptrap. I

make no claims that my efforts measured

the relative abundance of small mammals
anywhere, but years of experience teach

one where not to place traps; over 95

percent of my sets were equally available

to the two hosts compared from each trap-

line.

A summary data sheet for each trap-

line, a host catalog, and a flea catalog

permitted analysis of flea data from hosts

^Mamnialogist. National Zoological Park, Smithsonian Inslitulion, Wasliington, D.C. 20009.
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according to date, trapline, locality, and
community. The data and practically all

of the fleas are in my possession. Voucher
specimens of mammals from every lo-

cality are in the mammal collection at

the University of Utah.

Results

I. Deer Mouse - Canyon Mouse

Deer mice and canyon mice were col-

lected at the following six sites listed ac-

cording to locality, elevation, date, and
amount of trapping. Both Peromyscus
were about equally represented. 1. South
end Stansbury Island, 1323.7 m, inter-

mittent trapping, 8 Feb.- 13 March 1968.

2. North end Granite Mt., 1464 m, inter-

mittent collecting three days weekly, 28
Oct. 1965-17 March 1966. 3. Little Gran-
ite Mt., 1464 m, sporadic collecting be-

tween 4 Oct. and 18 Jan. 1966 and 1967.

4. South end Grassy Mts., 1616 m, 28-29
Nov. 1967. 5. Lookout Pass, south end
Onaqui Mts., 1921 m, 8 Oct. 1967. 6. Dry
Canyon, west side Oquirrh Mts., 1975 m,
26 Sept.-2 Oct. 1968.

Habitat features favoring the presence
of canyon mice such as cliffs, ledges, and
boulder-strewn hillsides occurred at all

locations. Locality No. 6 approached the

known upper altitudinal limits for P.

crinitus at this latitude in Utah (Egoscue

1964) and was the most mesic in terms

of plant species.

Fleas from the deer mouse - canyon
mouse sampling are presented in Table
1. Of the 96 P. crinitus, 77 (80.2 percent)

were infested with a total of 285 fleas

for an average of 3.7 (range 1-12) per

infestation. Sixty (66% percent) of the

90 P. maniculatus carried 207 fleas for a

3.45 average (range 1-17) per infested

host.

Nineteen species of fleas were found,

of which 13 occurred on deer mice and
15 on canyon mice. Nine kinds of fleas

were shared. The data clearly establishes

P. crinitus as a primary host of Malaraeus
sinomus and Stenistomera macrodactyla,

and P. maniculatus as a primary host of

Monopsyllus wagneri and Opisodasys

keeni, even though much of the collecting

was done in habitat ecologically unsuit-

able for the last. Seventeen (18.9 percent)

of the deer mice were infested with can-

yon mouse fleas, and twenty (20.8 per-

cent) of the canyon mice carried deer

mouse fleas. Too few specimens of some
rare fleas such as C. terinus were collected

to clearly establish host preferences, but

Table 1. Comparison of fleas from deer mice and canyon mice collected from the same traplines

in western Utah.
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I have collected this flea from P. manic-

ulatus at places where P. crinitus was ab-

sent. Holland (1949) listed Canadian rec-

ords for C. terinus that are far beyond
the northern limits of P. crinitus. The two
species of Malaraeus were sympatric at

only one locality where both Pcrornyscus

occurred. Ecologically the area was an
ecotone between the xeric habitat of the

valley floor and the more mesic mountain-
side. Here host preferences were clear;

M. sinomus occurred almost exclusively

on canyon mice while deer mice were
the only Peromyscus with M. telchinum

(see also discussion of deer mouse - long-

tailed vole fleas). Orchopeas leucopus,

the fourth most common flea, was found
in about equal numbers on both mice.

II. Deer Mouse - Long-tailed Vole

These two rodents were collected to-

gether at the 12 places listed according

to locality, elevation, and date. 1. West
side Johnson Pass, Stansbury Mts., 1827-

1903 m, 22 Jan.-4 March 1968. 2. Mouth
of Dry Canyon, Oquirrh Mts., 1975 m, 26
Sept.-2 Oct. 1968. 3. East side Simpson
Mt., 1982.5 m, 17 Aug. 1965. 4. Indian
Springs, Simpson Mt., 1982.5 m, 12-14

May 1964 and 22-23 April 1965. 5. South
Willow Creek Canyon, Stansbury Mts.,

2074 m, 7 Oct. 1965. 6. East side"' Indian

Park, Needles Range: BEAVER CO.,

2104.5 m, 16 Sept. 1963. 7. Ophir Creek,

Oquirrh Mts., 2135 m, 31 Aug.-l Sept.

1966. 8. Ibid., 2165 m, 20 July 1967. 9.

Middle Canyon, Oquirrh Mts., 2165 m,
25-26 Aug. 1965. 10. Lookout Mt., Sheep-

rock Mts., 2226.5 m, 18-19 May 1966.

11. Indian Peak Summit, Needles Range:
BEAVER CO., 2470.5 m, 15 Sept. 1963.

12. Head of Mack Canyon, Stansbury
Mts., 2470.5 m, 28 Sept. 1967. 13. North
Willow Lake, Stansbury Mts., 2562 m,
17 July 1967.

All traplines except those at localities

Nos. 1, 2, 6, and 11 were set along small

streams or damp, shaded hillsides adja-

cent to streams, both of which are pre-

ferred M. longicaudus habitat types in

western Utah. This vole was not re-

stricted to moist areas, however; some
were captured in fairly arid situations

far from water. I found them only in

the mountains and never in concentra-

tions suggesting colonies. More deer mice

than voles were taken at all localities,

the ratio averaging about 3.6 to 1.

Fleas from the deer mouse - long-tailed

vole sampling are listed in Table 2. Fifty-

five (59.8 percent) of the 92 voles had
a total of 182 fleas for an average of 3.3

fleas (range 1-21) per infested animal.

Of 337 deer mice, 232 (68.8 percent)

carried 586 fleas for an average of 2.5

(range 1-25) fleas per infestation. Based
on frequency of occurrence, the data es-

tablished A/, longicaudus as (1) a pri-

mary host of Peromyscopsylla selenis and
Megahothris abantis, (2) a cohost of Mal-
araeus telchinum, and (3) possibly a

secondary host of Catallagia decipiens.

Deer mice were primary hosts of Epitedia

standfordi, Opisodasys keeni, C. decipiens,

Monopsyllus wagneri and cohosts of M.
telchinum. Primary long-tailed vole fleas

were found on only nine (3.9 percent) of

the infested deer mice, but 37 (67 per-

cent) of the infested voles carried one
or more species of primary deer mouse
fleas, 88 percent of which were M. wag-
neri and C. decipiens. Host preferences

of M. telchinum were not well defined,

at least when both deer mice and long-

tailed voles were available. I regard the

presence of the two deer mouse "moun-
tain fleas," E. stanfordi and O. keeni

(especially the latter), on M. longicaudus

as accidental, .fudging from the M. hub-
bardi records, deer mice make more con-

tact than long-tailed voles with the Great
Basin pocket mouse, Perognathus parvus.

Specimens of Peromyscopsylla hamifer
vigens were the first collected within the

Bonneville Basin, where its true status is

still unknown. My specimens (2cf cf and
2 $ 9 ) came from a M. longicaudus latus

collected 28 September 1967 at 2470.5 m
in the Stansbury Mountains. Very little

small mammal collecting has been done
at or above this altitude in the isolated

ranges within the Basin. Relict popula-

tions of P. h. vigens may now be re-

stricted there to the higher elevations by
the same geologic and climatic changes
that caused discontinuity in the distribu-

tion of certain small mammals of the area,

such as the water shrew, Sorex palustris,

and Uinta chipmunk, Eutamias umbrinus,
(Egoscue 1965). The very few other Utah
records of P. h. vigens are from Microtus

sp. collected in the main Wasatch Cor-

dillera (Tipton and Allred 1951).
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Table 2. Comparison of fleas from deer mice and long-tailed voles from the same traplines in

western Utah.
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Table 3. Comparison of fleas on deer mice and desert wood rats collected from the same trap-
lines in western Utah.

Total

Deer mouse
fleas

Desert wood
rat fleas

Flea species

no. No.
collected collected %

No.
collected Primary host(s) in area

1

.

Meringis dipodomys 10 4 40 6
2. Epitedia stanfordi 1 1 100.0 —
3. Megarthroglossus smiti 8 1 12.5 7

4. Megarthroglossus sp. 2 0-

—

2
5. Stenistomera alpina 118 — 118
6. Anorniopsylla amphibolus 62 — 52
7. Orchopeas leucopus 18 \6 88.9 2

8. O. sexdentatus 206 2 1.0 204
9. Malaraeus sinomus 26 18 69.2 8

10. Monopsyllus wagneri 117 113 96.6 4

Totals 558 155 403

60 Dipodomys microps
•— Peromyscus maniculatus
87.5

100.0

100.0

100.0
11.1

99
30.8
3.4

Peromyscus maniculatus
Neotoma sp. (nest flea)

Neotoma sp. (nest flea)

Neotoma sp.

Neotoma sp. (nest flea)

Peromyscus sp. &
Reithrodonlomys megalotis
Neotoma sp.

Peromyscus crinitus

Peromyscus maniculatus

able secondary host, particularly in xeric

situations. I did not find M. sinomus on
deer mice from localities where canyon
mice were absent.

Discussion

Explanations for the host-flea interre-

lationships quantified in Tables 1 to 3

can probably be found in Holland's

(1958) list of factors responsible for most
purposeful and accidental host-flea as-

sociations. Strategies evolved by fleas to

maintain contacts essential for their sur-

vival usually involve the breeding and
denning habits of their hosts as well as the

ecological requirements and host-finding

capabilities of the fleas. Seemingly the

most host-specific fleas have the most
foolproof methods for insuring these con-

tacts. For example, the tiny, degenerate
desert wood rat flea, A. amphibolus, may
now depend entirely on the predictability

of its host's denning habits. Favorite

ledges and other den sites within the

range of this rodent are often occupied
continuously for hundreds or even thou-

sands of years (Wells and .Jorgenson

1964) by successive generations of Neo-
toma lepida. Presumably this situation

has favored evolvement of the almost
louselike Anomiopsyllus that now has
neither the means nor the need to jump
and is minus the array of vestiture neces-

sary for most fleas. It is probably not by
chance that most, if not all, species of

Anomiopsyllus are hosted by mammals
(mainly Neotoma sp.) that repeatedly

use the same den sites. I regard the pres-

ence of A. amphibolus on rodents other

than wood rats as purely accidental and
almost certain evidence that these hosts

had visited or lived in wood rat dens.

The significance of these and other ac-

cidental host-flea contacts is difficult to

assess. At the very least they provide fleas

a short reprieve. They assume epedemio-
logical importance only when the fleas

and/or hosts carry disease and the fleas

are capable vectors willing to feed. Host
specificity and the ]wtential importance
of secondary and other host categories to

fleas are discussed bv Wenzel and Tipton

(1966).
The deer mouse and its fleas provide un-

limited possibilities for the study of flea

ecology, the effects of past geologic events
of present flea distribution, host specific-

ity, and many other aspects of host-para-

site relationships.
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VARIATION IN THE INCIDENCE OF BOTFLY
LARVAE (CUTEREBRA) IN TWO SYMPATRIC
SPECIES OF PEROMYSriKS IN NOR'IIIERN

COLORADO

Ricliiird N. Senman^ and Donald J. Nash'

Abstract.— Differences in botfly parasitism were observed in the sympatric species Peromyscus
maniculatus and P. clifficilis in northern Colorado. The overall incidence of infection was 13.7 per-

cent in P. maniculatus and only 0.6 percent in P. difficilis. The incidence of parasitism was affected

markedly by trapping locality and by month of capture.

Although numerous reports of infection

of mammals by botfly larvae have been
made, our knowledge of the ecology of

botfly parasitism in natural pojnilations

of small mammals remains limited in

many respects. Test and Test (1943)
noted that susceptibility to botfly infec-

tion could vary greatly among different

species of small mammals living within

the same community. Brown (1965)
studied botfly infection of two closely

related species of Peromyscus in the

Ozark Mountains of Missouri. Although
the two species, the brush inouse, P. boylii.

and the white-footed mouse, P. leucopus,

occur in the same region,they occupy dif-

ferent habitats. Brown reported an inci-

dence of parasitism of only 10.3 percent in

P. leucopus, compared to 7.7 percent in

P. boylii. He noted that the anatomical
location of botfly larvae in the brush
mouse was on the back, usually in the

lumbar region, whereas in most of the

other species of Peromyscus the site of

infection was usually in the inguinal area.

The present study reports observations

on the incidence of Cuterebra parasitism

in two sympatric species of Peromyscus
in northern Colorado. Two trapping areas

west of Fort Collins. Colorado, were chosen
for this itivestigation. Both areas were lo-

cated on hogbacks which run in a north-

south direction at the base of the east es-

carpment of the Rocky Mountains. The
study areas were mainly rocky outcrop-

pings w'ith moderate plant cover and
were at an elevation of 5,400 feet. Two
species of Peromyscus, the deer mouse,
P. maniculatus, and the rock mouse, P.

difficilis, occur as sympatric species in the

area.

A permanent grid consisting of 100
traps was kept in trapping area I, which

was live-trapped one week per month for

four months from August 1974 through
November 1974. Trapping area II, ap-

])roximately two miles north of area I,

was live-trap])ed for two months during
October and November 1974, utilizing a

"floating grid" of 75 traps. The traps were
set in three parallel lines of 25 traps each,

with a distance of 25 feet between traps

and lines. On every third day the last

five traps on each line were placed at the

front of the line. In this manner the grid

gradually shifted along the ridge. Mice
captured in area I were marked and re-

leased, whereas mice captured in area II

were removed for additional laboratory

studies.

During the period from July through
No^'ember, 633 Peromyscus maniculatus
and 170 P. difficilis were trapped. Only
0.6 percent (1/170) of P. difficilis had in-

fections, compared with 13.7 percent

(87/633) in P. maniculatus. The low
incidence of infection in P. difficilis

would suggest that this species plays an
unimportant role in the life cycle of

Cuterebra. It is noteworthy, however,
since larval parasitism in P. difficilis has

not previously been reported.

In Peromyscus maniculatus the inci-

dence of {)arasitisni was affected by area,

month of caj)ture, and sex (Table I). The
incidence increased from a low of 1.4 per-

cent in August to a high of 20.4 percent

in October and then declined slightly to

18.0 percent in November. Although more
females (15.8 percent) had botfly larvae

than males (11.9 i)ercent), the difference

was not significant. During October and
November mice trapped in area I had a

bot infection incidence of 33.3 percent,

while those in area II had an incidence

of 17.3 percent (X- = 5.4, P < 0.05).

'Department of Zoology and Entomology, Colorado State University, Fort Collins, Colorado 80523.
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T.\BLE I. Incidence of Culerebra larvae in

Peromyscus maniculatus as affected by month and
trapping area.



THE PLANT FAMILY GENTIANACEAE IN UTAH

Kelly W. Allredi

Abstract.—The family Gentianaceae iji Utah includes the genera Gentiana, Gentianella, Cen-
taurium, Frasera, and Swertia and is composed of 15 species. Centaurium nuttallii S. Watson is

placed in synonymy under C. exaltatum (Griseb.) Wight, because there is no clear-cut basis for

its segregation at the species level. Similarly, Gentiana forwoodii Gray and G. parryi Engelm. are
extremes of clinal variation in G. affinis and are synonymized there. Keys to the genera, species,

and subspecies are provided, as well as distribution maps, descriptions, and synonymies.

The family Gentianaceae has been their material. Measurements greater than
subjected to repeated "splitting" and 10 mm were made with a standard metric
"lumping" for many years. This use of rule, while those less than 10 mm were
botanical license has left the taxonomy made with an ocular micrometer with
and nomenclature confused, even though accuracy to 0.1 mm. The descriptions of

some of the groups are comparatively genera and species are meant to include
clear-cut. The most popular and recent only Utah entities. Distribution data were
treatments have concentrated on reducing gathered entirely from herbarium ma-
many of the genera to subgeneric rank. terial. It is recognized that many of the

While this may be the most convenient species have not been well collected

treatment, it does not necessarily reflect throughout all Utah counties; consequent-
the evolutionary status of the plants ly, the range maps may not be complete
themselves. Sivertia perennis and Frasera for all taxa. To conserve space, lists of

{Swertia) albomarginata are clearly not synouoniies and specimens examined
doing the same thing evolutionarily have been condensed to include only those

—hence, their segregation in this paper, applicable to and representative of Utah.
Specimens examined in this stud}- Appreciation is extended to Dr. Stanley

came from the herbaria of the University L. Welsh of Brigham Young University
of Utah (ut), Utah State University for his suggestions and criticisms through-
(uTc), and Brigham Young University out the study, and to the BYU Depart-
(bry). Acknowledgment is given to the ment of Botany and Range Science for

curators of these herbaria for the use of financial assistance.

Key to the Genera

la. Corolla rotate, the lobes with fovae (glands) on upper surface 2

lb. Corolla campanulate to funnelform, the lobes lacking fovae 3

2a. Stems arising from slender rhizomes, 0.1-0.5 m tall; flowers mostly
blue or bluish purple, 4- or 5-merous; leaves opposite or alternate,

never whorled, not white-margined; fovae 2 per lobe 5. Swertia

2b. Stems arising from taproots or sometimes a branching caudex, never
from a rhizome, 0.2-2 m tall; flowers mostly greenish white to green-

ish yellow with purple splotches, 4-merous only; leaves opposite or

whorled, never alternate, white-margined or not; fovae 1 or 2 per lobe.

2. Frasera

3a. Anthers coiled after anthesis; corolla reddish to pink 1. Centaurium

3b. Anthers not coiled after anthesis; corolla blue, purplish, yellowish, or

whitish, not reddish to pink 4

4a. Corolla plicate, the plaits rounded, acute, lobed, or fimbriate between
the true corolla lobes; nectary glands at base of ovary; calyx with mem-

'Department of Botany and Range Science, Brigham Young University, Provo, Utah 8+G02; now at Department of

Range Science. Texas A S: M University. College Sliilinn. Texas 77SM.
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brane or rim extending around interior of tube; mostly perennial or

biennial (annual or biennial in Gentiana prostrata) 3. Gentiana

4b. Corolla not plicate, without sinus lobes or fimbriae between the true

corolla lobes; nectary glands at base of corolla tube; calyx lacking

inner membrane or rim; mostly annual (perennial in Gcntianella bar-

bellata) 4. Gcntianella

1. Centaurium Hill

Centaurium Hill, 'Brit. Herb. 62. 1756.

Plants glabrous annuals (or biennials?)

from very slender to stout taproots; stems

simple or branched, erect; basal leaves

mostly well spaced and opposite but
sometimes rosettelike, 5-40 mm long;

cauline leaves sessile to clasping, 5-42 mm
long; flowers single to several, axillary

to corymbosely arranged, 4-5-merous;

calyx deeply parted into narrow seg-

ments; corolla salverform or funnelform,

red, pink, light salmon, or whitish; sta-

mens inserted on corolla throat, alternate

with the lobes, the anthers spirally coiled

after dehiscence; ovary 1-loculed; style

filiform, deciduous; stigma flattened; cap-

sule slender, 2-valved; seeds minute, re-

ticulate.

About 30 species in North America,
Europe, and Africa. Named after Centaur
(Latin: Centaurus) who supposedly dis-

covered medicinal qualities in the plants.

la. Corolla lobes longer than 6.5 mm, mostly greater than % the length of

the corolla tube C. calycosum

lb. Corolla lobes shorter than 5.5 mm, mostly less than % the length of

the tube C. exaltatum

Centaurium calycosum (Buckl.) Fern.

Centaurium calycosum (Buckl.) Fern. Rhodora
10: 54. 1908.

Erythraea calycosa Buckley, Proc. Aca. Sc. Phil.

1862. 1863.

Erythraea calycosa Buckl. var. arizonica Gray.
Syn. Fl. N. Amer. 2(1): 113. 1878.

Centaurodes calycosum (Buckl.) O. Ktze. Rev.
Gen. 2:426. 1891.

Erythraea arizonica (Gray) Rydb. Bull. Torr.

Bot. Club 33:148. 1906.

Centaurium arizonicum (Gray) Heller. Muhl. 4:

86. 1908.

Centaurium calycosum (Buckl.) Fern. var. ari-

zonicum (Gray) Tidestrom. Proc. Biol. Soc.

Wash. 48:42. 1935.

Plants annual (biennial?); stems simple
to profusely branched at base, (5)7-45

(52) cm tall; basal leaves well-spaced or

sometimes rosette-like, goneralh' oblanceo-

late, 5-40 mm long; cauline leaves mostly
narrower, 5-47 mm long; corolla reddish
to pink, the tube 9.5-13 mm long; corolla

lobes 7.5-10(12) mm long and mostly
more than % the length of the tube,

l)roadly lanceolate to nearly rhombic.

Flowering April-May; wet places,

stream banks and river bottoms. Colorado
River drainage, to Texas and Mexico.

Representative specimens: Garfield Co.: I, in

say 22 (ut). Grand Co.: Welsh 12650 (nin).

Kane Co.: Beck s.n. (bry). Wnsliiiif^tmi Co.:

Cottam 7841 (ut).

Centaurium exaltatum (Griseb.)

Wight ex Piper

Centaurium exaltatum (Griseb.) Wight ex Piper.

Cont. U.S. Nat. Herb. 11:449. 1906.

Cicendia exaltata Griseb. in Hook. FI. Bor. Amer.
2:69. 1838.

Erythraea nuttallii S. Wats, in King, Geol. Expl.

40th Par. 5:276. 1871.

Erythraea douglasii Gray in Brews & Wats. Bot.

Calif. 1:480. 1876.

Centaurodes douglasii (Gray) O. Ktze. Rev. Gen.
2:426. 1891.

Centaurodes nuttallii (S. Wats.) O. Ktze. Rev.

Gen. 2:426. 1891.

Erythraea exaltata (Griseb.) Covill. Cont. U.S.

Nat. Herb. 1:150. 1893.

Centaurium nuttallii (S. Wats.) Heller. Muhl.
4:86. 1908.

Centaurium douglasii (Gray) Druce, Rep. Bot.

Exch. Club Brit. Isles 1916: 613. 1917.

Plants strictly annual; stems erect,

simple to branched, 5-30(50) cm tall;

basal leaves not rosette- forming, elliptic-

lanceolate to oblanceolate, 5-25 mm long;

cauline leaves sessile to somewhat clasp-

ing, lanceolate or oblanceolate to nar-

.•()v/er, 6-A() mm long; corolla piidv to light

salmon or whitish, the tube 5.5-11.5(14)

mm long; corolla lobes 3-5.5(6) mm
long and mostly less than % the length

of llu' tiihc, liiiiceolate lo elliptic.

h'lovvcritig May-August; moist places

around streams, seeps, alkaline lakes.
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Eastern Washington, Oregon, Califor-
nia, Utah, Idaho.

The taxa exaltatum and nuttallii have
formerly been separated as species on the
basis of length of corolla lobes, those of
nuttallii supposedly longer. I have found
no clear boundary between the two using
this character (nor any other). The cor-
relation of lobe length "and this expressed
as a percentage of tube length is shown
in Fig. 1. Two distinct groupings are
evident: C. calycosum and the combi-
nation of C. nuttallii and C. exaltatum.
Consequently, nuttallii and exaltatum
have been synonymized under the older
epithet, exaltatum.

Representative specimens: Cache Co.: Garrett
5379 (ut). Duchesne Co.: Hutchings s.n. (bry)
Grand Co.: Rydberg & Garrett 8485 (ut). Kane
Co.: Welsh. Murdock, & Dohert^- 12593 (bry)
Millard Co.: Maguire 21222 (utc) ; Cottam 8151
(ut). San Juan Co.: Anderson A-5 (bry)- Welsh
& Toft 11866 (bry). Utah Co.: Larsen 7203
(bry); Cottam 148 (ut).

2. Frasera Walt.

Frasera Walt. FI. Carol. 87. 1788.

Perennials from a well-developed tap-
root or caudex, 0.2-2 m tall; stems single
or few, branched or not, erect; leaves op-
posite or whorled, sheathing to petiolate,
entire, prominently nerved, white-
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2a. Fovae lobed at tip, long and slender; stems 20-60 cm tall F. albomarginata

2b. Fovae lobed at base, not slender but nearly as broad as corolla lobe;

stems 40-100 cm tall F. paniculata

Frasera albomarginata S. Wats, in King

Frasera albomarginata S. Wats, in King, Expl.

40th Par. 280. 1871.

Swertia albomarginata (S. Wats.) O. Ktze. Rev.

Gen. 2:431. 1891.

Leucocraspedum albomarginatum (S. Wats.)
Rydb. Fl. Rocky Mts. 665. 1917.

Glabrous perennials from a well-

developed taproot; stems single or few,

normally much branched, somewhat
greenish-glaucous, ca. 20-60 . cm tall;

leaves opposite or whorled, the lower
petiolate, the upper sessile and smaller,

linear to oblanceolate, 2-10 cm long, con-

spicuously white-margined; flowers in

broad, corymbose panicles, on slender

pedicels 1-8 cm long; corolla greenish

white or greenish yellow, with dark dots;

corolla lobes deeply cleft and spreading,

7-10 mm long; fovae 1 per lobe, long and
slender, lobed at tip, fringed with short,

soft, flat, white hairs; corona absent or

very sparse; capsule conic, attenuate, 10-

15 mm long, often dark brown; seeds

brown, ca. 4 mm long.

Flowering May-July; dry, rocky or

gravelly sites at low elevations. Colorado
to Arizona, west through southern Utah
to southern California.

Representative specimens: Garfield Co.: Cottam
4403 (bry). Kane Co.: Atwood. Welsh, Murdock,
& Allen 02728 (ut); Atwood 4070 (bry). Millard
Co.: Woodruff 1884 (ut); Welsh & Moore s.n.

(bry). San Juan Co.: Twiss s.n. (ut); Higgins
3557 (bry). Washington Co.: Weight 450 (ut) ;

Higgins 3397 (bry).

Frasera paniculata Torr.

Frasera paniculata Torr. Rept. Bot. Pacif. R.R.

Repts. 4:126. 1856.

NOT Swertia paniculata Wallich. PI. As. Rar.

3:3. 1832.

Frasera utahensis M. E. Jones, Zoe 2:13-14. 1891.

Swerlia bigelowii O. Ktze. Rev. Gon. 2:431. 1891.

T,puco(r(ispc(luTn utahense (M. E. Jones) Rvdb..

Fl. Rocky Mts. 665. 1917.

Swertia utahensis (M. E. Jones) St. John, Am.
Mid. Nat. 26:12. 1941.

Glabrous perennials from a strong,

slender, and often yellow taproot; stems

single, branched above, typically greenish

or yellowish, glaucous, ca. 40-1 f)0 cm tall;

leaves opposite (or whorled?), sheathing

lance-linear to oblanceolate, the lower

clustered in a basal clump and up to 20
cm long, the upper commonly reduced
to mere bracts and not exceeding 1 cm
long, conspicuously white-margined;
flowers in pyramidal panicles, on pedicels

0.5-6 cm long; corolla green to greenish

yellow with dark dots; corolla lobes deep-

ly cleft and spreading, 6-8 mm long;

fovae 1 per lobe, broad, oblong, lobed at

base, fringed with long, flexuous hairs;

corona sparse and very inconspicuous;

capsule conic, attenuate, 10-15 mm long,

light brown to darker.

Flowering May-August; mostly dry,

rocky, or sandy places at low elevations.

Southern Utah and Nevada, south to

New Mexico and Arizona.

Representative specimens: Grand Co.: Welsh
& Atwood 9955 (bry); Welsh. Harrison, &
Moore 2343 (bry). Kane Co.: Atwood & Allen
02687 (bry). San Juan Co.: Harvey s.n. (ut);

Moore 237 (bry). Wayne Co.: Welsh, Atwood,
& Moore 10880 (bry).

Frasera speciosa Dougl. ex Griseb.

in Hook.

Frasera speciosa Dougl. ex Griseb. in Hook. Fl.

Bor. Am. 2:66. 1838.

Tessaranthium radiatum Kellogg, Proc. Calif.

Acad. ii. 1862.

Swertia radiata (Kell.) Ktze. Rev. Gen. 2:430.

1891.

Glabrous to puberulent perennials from
a large, transversely striated taproot or

caudex, (0.5)1-2 m tall; stems single, un-

branched, erect and stout, mostly yel-

lowish green, not glaucous; leaves op-

posite or whorled, only slightly sheathing,

puberulent to glabrous, the lower 25-30

rni long and narrowly elliptic to spatu-

late, the upper usually reduced and lan-

ceolate; flowers in an elongate, racemose
panicle, borne on pedicels 2-8 cm long;

corolla greenish white or yellowish white,

purple-dotted, rotate-campanulate, the

lobes 10-25 mm long; fovae 2 per lobe,

elliptic, 3.5-9 mm long, fimbriate around
edge; corona conspicuous with lacinate

scales 7-9 mm long; capsule conic, attenu-

ate, 16-26 mm long, light brown to

darker.

Flowering .June-August; open (some-

times wooded) hills and valleys, general-
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9 Centaurium exaltatum

Q C^. calycosum
tV Frasera albomarginata
if E.- paniculata

F. speciosa
. Swertia perennis

i Gentiana prostrata
"i G. algida

i Gentiana af finis ifG. calycosc

Fig. 2. Distributions of (A) Centaurium exaltatum and C. calycosum: (B) Frasera albomarginala.
F. paniculata. F. speciosa, and Swertia perennis; (C) Gentiana prostrata and G. algida; (D) Gentiana
affinis and G. calycosa.
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ly rocky soil, to montane slopes in moun-
tains.

Eastern Washington to the Dakotas,
south through Utah and Colorado to New
Mexico and California.

Representative specimens: Carbon Co.: Welsh
& Christensen 6531 (bry). Duchesne Co.: Har-
rison 7732 (bry). Garfield Co.: Boyle 1134
(bry). Iron Co.: Higgins 4647 (bry). Piute Co.:

Higgins 1174 (bry). San Juan Co.: Welsh &
Moore 2408 (bry). Sanpete Co.: Rooney 221
(bry). Sevier Co.: Despain 74 (bry). Tooele Co.:

Christensen s.n. (bry). Utah Co.: Hartniati 179
(bry). Wasatch Co.: Forest Service s.n. (bry).

Washington Co.: Atwood 5474 (bry).

3. Gentiana L.

Gentiana L. Sp. PI. 227. 1753.

Annual, biennial, or perennial herbs,

from thick roots to slender rhizomes,
usually glabrous or puberulent, 1-50(80)
cm tall; stems mostly erect to basally de-

cumbent, branched or not; leaves oppo-
site, sessile, often clasping; flowers single

to many, terminal to cymose-racemose,
subsessile to pedicellate, 4- or 5-merous;
calyx tubular, with lobes lacking or in-

conspicuous to deeply cleft and definitely

lobate, with a membrane or rim extend-

ing completely around the interior of the

tube; corolla showy, blue, jDurj^le, white,

or yellowish, tubular or funnelform to

campanulate, plicate, the folds rounded,
acute, lobed, or fimbriate; stamens in-

serted on corolla tube, included, ihe fila-

ments often flattened; anthers versatile,

straight or recurved; nectary glands borne
at base of ovary; ovary stipitate, often

elongating in fruit; style 1, short; stigmas

2; capsule l-loruled, 2 valved; seeds

many.
About 200-260 species are known,

found chiefly in the north-temperate and

arctic zones in moist soil. Named for King
Gentius of Illyria, who supposedly dis-

covered medicinal uses of the plant. A
drug (Gentian) is made from the dried

rhizomes of Gentiana lutea L.

The genus Gentiarudla was first segre-

gated from Gentiana by Conrad Moench
(1794). Borckhausen (1796) published

independently his own genus Gentianella.

A century later, in 1894, Kusnezow di-

vided the Linnaean genus into two sub-

genera, Eugentiana and Gentianella, but
did not revise the species. Generally
since then, the taxon Gentianella has been
ignored at the generic level. Gillett

(1957) has again brought to light justifi-

cation for the segregation. For a more
complete historical sur^'ey of the two gen-

era, the reader is referred to this work.

The two genera can be separated by
several characters, as summarized below:

Gentiana

1. Nectary glands at the base of the ovary
2. Calyx with an inner rim or membrane around

the interior of the calyx tube

3. Corolla plicate

4. Corolla lobes with 3 vascular bundles

5. Mostly diploids

Gentianella

1

.

Nectary glands at the base of the corolla tube,

inserted on the tube

2. Calyx without a rim or membrane on the

interior of the calyx tube

3. Corolla not plicate

4. Corolla lobes with 5-9 vascular bundles

5. Mostly tetraploids

The two genera seem to represent two
closely related, but separate, evolutionary

lines.

Gcntiatut affinis Griseb. in Hook.

Gentiana affinis Grisoh. in Hook., Fl. Bor. Am.
2:56. 1838.

la. Plants annual or biennial; leaves overlapping at base, long-sheathing

and white-margined G. prostrata

lb. Plants i)erennial; leaves not as above, and not white-margined. 2

2a. Flowers white or ])ale yellowish; leaves (3) 1-12 (in long G. al^ida

2b. Flowers blue or purple; leaves 1-5 cm long 3

3a. Plants glabrous; flowers mostly single and terminal; leaves ± ovate,

rarely more than twice as long as broad G. calycosa

^l). Phmts not glabrous, the stems })ub(>rnl(Mit in lines below the leaf bases,

and the leaves and/or calyx lobes finely hut distinctly scahrous-cilio-

late; flowers mostly several; leaves usually more than twice as long

as broad G. affinis



Dec. 1976 ALLRED: UTAH GENTIANACEAE 489

Gentiana parryi Englm., Trans. Acad. Sci. St.

Louis 2:218. 1863.

Gentiana affinis Griseb. var. ovata Gray, Bot.

Calif. 1:483. 1863.

Gentiana oregana Englm. e.\ Gray, Syn. Fl.

2:122. 1878.

Gentiana forwoodii Gray, Proc. Ami. Acad. 19:83.

1883.

Gentiana affinis Griseb. var. forwoodii (Gray)
Kusnezow, Acta Hort. Pettrop. 15: 202. 1898.

Pneurnonanthe affinis (Griseb.) Greene, Leafl.

1:71. 1904.

Pneurnonanthe forwoodii (Gray) Greene, loc. cit.

1904.

Pneurnonanthe parrvi (Englm.) Greene, loc. cit.

1904.

Dasystephana affinis (Griseb.) Rydb., Bull. Torr.

Bot. Club 33:149. 1906.

Dasystephana forwoodii (Gray) Rydb., loc. cit.

1906.

Gentiana interrupta Green, Pitt. 4:182. 1900.

Dasystephana parryi (Englm.) Rydb., loc. cit.

1906.

Dasystephana oregana (Englm.) Rydb., loc. cit.

1906.

Caespitose perennials, 1-50(80) cm tall,

from a thick rootcrown; stems one to

several, erect to decumbent, puberulent in

lines below the leaf bases; leaves (1.5)

2-3.5 (5) cm long, linear to lance-ovate,

to elliptic, 4-20 mm broad, usually finely

glandular-ciliolate; flowers usually several

(rarely single) and somewhat clustered

at the upper nodes of the stem, pedicellate,

5-merous; calyx tube 3-9 mm long; calyx

lobes 3-7 mm long, unequal, linear to el-

liptic, usually finely glandular-ciliolate,

or lobes lacking; corolla bluish-purple,

2-4 cm long, tubular-funnelform, the

plaits in the sinuses divided into 2-5

narrow teeth; ovary stipitate; style short

and cleft above; capsule long-stipitate.

Flowering July through September;
meadows and mesic soils, montane to al-

pine zones.

British Columbia south to California

and Arizona, east to the Rocky Mountain
states and northern Mexico.

Gentiana affinis exhibits considerable

variation in range and characteristics,

which has led several authors to segregate

varieties or species. Those segregates

found in Utah are the taxa parryi, for-

woodii, and affinis. Although artificial

keys may be written for these segregates,

the results of this investigation indicate

the entities parryi and forwoodii to be

extremes of a continuum of variation in

affinis, with intermediate forms common.

Gentiana forwoodii has been segregated

from affinis by the absence of calyx

lobes, and a 2-cleft calyx tube. However,

specimens have been examined with both

lobate and nonlobate calyces on the same
plant. Moreover, affinis shows gradation

of very small, inconspicuous lobes to well-

(l<>\ eloped lobes on the same calyx, with

the calyx tube being 2-cleft or not.

Gentiana parryi has been segregated

on the bases of foliaceous floral bracts,

flowers few and clustered toward the apex
of the stem, and larger flowers than

affinis. Again, varying combinations of

these characters and many intermediate

forms have been observed on numerous
specimens, the differences being those of

degree and not of kind, indicating simply

a gradation of characters in the species

affinis.

Representative specimens: Cache Co.: Cottam
15939 (ut). Daggett Co.: Hutchings 201 (bry).

Garfield Co.: Buchanan 83 (ut). Grand Co.:

Harrison 12458 (bry). Iron Co.: Maguire 17560

(UTC). Piute Co.: Woodruff 1369 (ut). Rich

Co.: Flowers 2284 (ut). Salt Lake Co.: Garrett

2823 (ut). San Juan Co.: Rydberg 9738 (utc).

Sanpete Co.: Frischknecht 212 (bry). Sevier Co.:

Maguire 16161 (utc). Tooele Co.: Smith s.n.

(ut). Uintah Co.: Maguire 17703 (utc). Utah
Co.: Garrett 5430 (ut). Wasatch Co.: Flowers

s.n. (bry). Washington Co.: Cottam s.n. (bry).

Gentiana algida Pall.

Gentiana algida Pall., Fl. Ross. 1:2. pi. 95. 1798.

Gentiana romanzovii Ledeb. ex Bunge. Nouv.
Mem. Soc. Nat. Mosc. 1:215. 1829.

Gentiana algida Pall. var. romanzovii Kusnezow.

Acta Hort. Petrop. 15: 252. 1898.

Dasystephana romanzovii (Bunge) Rydb.. Bull.

Torr. Bot. Club 33:148. 1906.

Caespitose perennials, puberulent to

glabrous, herbaceous, 5-25 cm tall; stems

1-many from a short, stout rootstock,

erect, unbranched above base; basal leaves

3-12 cm long, linear-oblanceolate; cauline

leaves 2.5-5 cm long, narrowly oblong to

lanceolate, sessile with sheathing bases;

flowers 1 -several, subsessile, crowded,

mostly 5-merous ; calyx purplish-blotched

to greenish, often somewhat scarious, 1-2

cm long, the lobes linear to lanceolate,

and subequal; corolla white or pale yel-

lowish, spotted with purple and purplish-

streaked from back of lobes nearly to

calyx, plicate, the sinuses rounded and

without lobes or fibriate; corolla lobes

acLuninate to acute, short, 3-5 mm long;

ovary long-stipitate; style 2-branched.

Flowering in .July and August; wet,

alpine meadows.
Rocky Mountains from Colorado to

Alaska.
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Representative specimens: Daggett Co.: Hutch-
ings 198 (bry). Duchesne Co.: Ludwig 1026

(ut). Murdock 45 (bry). Summit Co.: Spear

17 (bry); Maguire 14419 (utc). Uintah Co.:

Waite 318 (bry).

Gentiana calycosa Griseb. in Hook.

Gentiana calycosa Griseb. in Hook., Fl. Bor.

Amer. 2:58. 1838.

Gentiana calycosa Griseb. var. stricta Griseb. ex

Hook., Fl. Bor. Amer. 2:58. 1838.

Gentiana calycosa Griseb. var. monticola Rydb.,

Bull. Torr. Bot. Club 24: 252. 1897.

Pneumonanthe calycosa (Griseb.) Greene, Leafl.

1:71. 1904.

Dasystephana calycosa (Griseb.) Rydb., Bull.

Torr. Bot. Club 40:464. 1913.

Dasystephana monticola Rydb., BulL Torr. Bot.

Club 40:464. 1913.

Dasystephana obtusiloba Rydb., Bull. Torr. Bot.

Club 40:464. 1913.

Dasystephana calycosa (Griseb.) Rydb. var.

xantha (A. Nels.) Rydb., Fl. Rocky Mts. 663.

1917.

Gentiana calycosa Griseb. var. asepala Maguire,
Madrono 6:151. 1942.

Caespitose, glabrous perennials, 5-30 cm
tall, from a stout taproot, rhizomes lack-

ing; stems erect or basally decumbent,
branching rare; leaves 1-2.5(3) cm long,

ovate to broadly lanceolate, glabrous,

sessile with sheathing bases; flowers

mostly solitary and terminal, 5-merous;

calyx tube greenish to purplish, some-

times scarious, campanulate, often 2-cleft

and unequal, the membrane at base of

lobes; calyx lobes reduced, linear to ob-

long; corolla deep blue, funrtelform-

campanulate, (2)2.5-3.5 cm long; corolla

lobes erect to spreading, ovate to oblong,

acute; plaits cleft into 2-4 narrow teeth;

ovary long-stipitate; style 2-cleft at tip,

short; seeds brown.
Flowering .luly-September; alpine to

montane zones, wet meadows and stream
banks.

British Columbia to California, east to

Rocky Mountains.

Representative specimens: Daggett Co.: Mc-
Nulty 213 (ut). Duchesne Co.: Ludwig 1051

(ut); Moore 270 (bry). Summit Co.: Welsh
9376 (bry); Maguire 4224 (utc). Uintah Co.:

Weight 176 (bry). Wasatch Co.: Walsh 483
(ut).

Gentiana prostrata Haenke

Gentiana prostrata Haenke, Jacq. Coll. Bot. 2:66.

1788.

Gentiana frernontii Torr., Frem. Rep. 94. 1843.

Gentiana prostrata Haenke var. aniericana

Engelm., Trans. Acad. Sci. St. Louis 2:217.

1863.

Gentiana humilis sensu Gray, Syn. Fl. 21:120.
1878.

Chondrophylla americana (Englm.) A. Nels.,

Bull. Torr. Bot. Club 31:245. 1904.

Chondrophylla frernontii (Torr.) A. Nels., loc.

cit. 1904.

Chondrophylla prostrata (Haenke) Anderson,
Proc. Iowa Acad. Sci. 25:445. 1918.

Glabrous, annual or biennial herbs, 2-20

cm tall; roots slender; stems erect,

branched basally; leaves small, 3-10 mm
long, prominently white-margined, the

basal overlapping, the cauline more dis-

tant with sheathing bases; leaf blades

orbicular or ovate to obovate; flowers

solitary and terminal, 4(5)-merous; calyx

green or bluish-tinged, 4-14 mm long;

calyx lobes broadly lanceolate, subequal,

and white-margined, V3 the length of the

tube; corolla blue to purplish, 8-22 mm
long, funnelform, plicate, with lobes in

the sinuses; corolla lobes spreading to

ascending, acute, ovate-lanceolate, con-

volute in bud; ovary stipitate, the stipe

elongate in fruit; style with flattened stig-

matic lobes; capstile papery, narrowly
cylindrical, either included in the coiled

corolla or exserted; seeds brown.

Flowering July-August; wet, alpine

meadows.

Rocky Mountains, Colorado to Alaska,

west to Utah, Nevada, central Idaho, and
northern California.

Several authors have separated G.

frernontii from G. prostrata on the basis

that in frernontii the capsule is exserted

from the corolla, but in prostrata the cap-

sule remains enclosed within the corolla.

Hitchcock (Hitchcock el al. 1959) states

that both conditions have been found on
the same specimen, demonstrating that

two separate species do not exist.

Representative specimens: Daggett Co.: Holm-
gren 7172 (utc). Duchesne Co.: Smith s.n. (utc).

Rich Co.: Flowers 2257 (ut). San Juan Co.: Ma-
guire 12946 (utc). Sevier Co.: Cottam 4521

(bry). Summit Co.: Welsh 9186 (bry). Uintah
Co.: Maguiro 18681 (utc).

4. Gentianella Moench

Gentianella Moench, Meth. PI. 482. 1794.

Annual, biennial, or perennial herbs

from taproots or rhizomes, glabrous to

subglabrous, 1-70 cm tall; stems basally

decumbent to erect, simple or branched;

leaves glabrous, opposite, sessile, often

clasping; flowers solitary to numerous,
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terminal to axillary, sessile or pedicellate, at base of corolla tube; ovary sessile or
4- or 5-merous; calyx mostly tubular or stipitate, 2-carpelled; style 1, mostly ab-

funnelforin, lobed. lacking a membrane sent, or present and short; stigmas 2,

or rim extending completely around the sessile or short-stipitate; capsule 1-loculed,

interior of tlie tube; corolla mostly showy, cylindrical or ovoid, septicidally dehis-

commonly blue, or white, purple, or yel- cent from apex; seeds many,
lowish, tubular, funnelform, or campanu- Gentianella is not as large a genus as

late, not plicate, lobed, with or without Gcntiann and is found mostly in tem-

a corona; stamens 4-5, included, the fila- perate to alpine and arctic regions, in

ments slender or somewhat flattened, the mesic conditions. It is of little or no eco-

anthers versatile; nectary glands borne nomic imj)()rtance.

la. Flowers 4-merous; calyx lobes with broad, distinctly hyaline margins;
corolla lobes fimbriate to toothed 2

lb. Flowers 4- or 5-merous; calyx lobes with green margins, or if inconspicu-

ously and narrowly hyaline then the corolla 5-9 mm long and the

plants from southern Utah; corolla lobes entire 3

2a. Plants perennial, from slender rhizomes; flowers sessile or shortly pedi-

cellate G. barbellata

2b. Plants annual or biennial, from taproots; terminal flowers borne on
slender, elongate pedicels G. detonsa

3a. Pedicels conspicuously longer than the subtending internode; flowers

terminal and single on very elongate pedicels G. tenella

3b. Pedicels conspicuously shorter than or equaling the subtending internode 4

4a. Mature corolla 5-8(9) mm long, the lobes often as long as the tube; plants

from very long, slender taproots (usually ca. 6 cm long); southern Utah.
G. tortuosa

4b. Mature corolla 10-25 mm long, the lobes shorter than the tube; taproots

not excessively long (usually ca. 3.5 mm long); widely distributed.

G. amarella

Gentianella amarella (L.) Borner

Gentianella amarella (L.) Borner. Fl. deut.

Volk. 543. 1912.

Gentiana amarella L. Sp. PL 230. 1753.

Annuals 5-70 cm. tall, simple or

branched; stems erect; basal leaves 3-40

mm long, elliptic to spathulate; cauline

leaves 8-60 mm long, oblanceolate, elliptic,

ovate, to ovate-lanceolate, somewhat
clasping; flowers few to very numerous,
axillary or terminal, in cymes, sessile or

pedicellate; calyx 4- or 5-lobed, 5-25 mm

long; calyx lobes subequal to decidedly

unequal with one or more lobes foliaceous

and enveloping the others; corolla mostly
blue, or white, purple, or yellow, some-
times with a greenish tube, 10-25 mm
long, tubular to funnelform; corolla lobes

erect to spreading, mostly half the length

of the tube; stamens included; ovary ses-

sile or shortly stipitate; stigmas sessile;

capsule equaling the corolla or slightly ex-

ceeding it.

North-temperate and arctic regions

throughout most of North America.

la. Calyx lobes equal or nearly so, not enveloping the others; corona fim-

briae free below G. amarella ssp. acuta

lb. Cal}Tc lobes unequal, one or more broadly foliaceous and enveloping the

others; corona fimbriae united below G. amarella ssp. heterosepala

Gentianella amarella ssp. acuta

Gentianella amarella (L.) Borner ssp. acuta
(Michx.) J. M. Gillett, Ann. Miss. Bot. Gard.
44:253. 1957.

Gentiana acuta Michx.. FI. Bot. Amer. 1:77.

1803.

Gentiana plebeia Cham. Linnaea 1:81. 1826.

Amarella acuta (Michx.) Raf., Fl. Tellur. 3:21.

1837.
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n Gentianella amarella ssp. acuta Gentianella amarella ssp.

heterosepala
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Gentiana acuta Michx. var. stricta Griseb.. Geii.

& Sp. Gent. 242. 1839.

Gentiana tenuis Griseb., Gen. & Sp. Gent. 242.

1839.

Gentiana aniarella L. var. acuta (Michx.)
Herder, Acta Hort. Petrop. 1:428. 1872.

Gentiana amarella L. var. tenuis (Griseb.) Gray,
Syn FI. N. Amer. ed. 2. 2:118. 1886.

Gentiana anisosepala Greene, Pitt. 3:309. 1898.

Gentiana acuta Michx. var. strictiflora Rydb.,

Mem. N.Y. Bot. Gard. 1:309. 1900.

Gentiana stricta (Griseb.) Howell. Fl. N.W.
Amer. 1:445. 1901.

Amarella anisosepala (Greene) Greene, Leafl.

Bot. Obs. & Grit. 1:53. 1904.

Amarella strictiflora (Rydb.) Greene, loc. cit.

1904.

Amarella tenuis (Griseb.) Greene, loc. cit. 1904.

Amarella amarella (L.) Cockerell, Am. Nat. 40:

871. 1906.

Amarella plebia (Cham.) Green, loc. cit. 53. 1904.

Gentianella acuta (Michx.) Hitt., Mem. Soc.

Faun. Fl. Fenn. Nl. 25:76. 1950.

Flowering from late July through Au-
gust; moist meadows, open aspen forests,

alpine woods.

Common in Utah, also Newfoundland,
Maine and Vermont, westward to Alaska,

southward in the western mountains to

Baja California and central Mexico.

Representative specimens: Cache Co.: Cottam,
Anderson. Rowland, & Ream 15969 (ux). Dag-
gett Co.: Spear 202 (bry). Duchesne Co.: Lud-
wig 1060 (ut). Garfield Co.: N. Holmgren
2430 (bry). Iron Co.: Eastwood 7272 (utc).
Kane Co.: Buchanan 31 (ut). Rich Co.: Cot-

tam, Anderson. Rowland. & Ream 16006 (ut).

Salt Lake Co.: Arnow 769 (ut). Sevier Co.:

Maguire 20323 (utc). Summit Co.: Cottam 3866
(bry). Uintah Co.: Welsh 6745 (bry). Wasatch
Co.: Walsh 448 (ut).

Gentianella amarella (L.) Bomer ssp.

heterosepala (Engelm.) J. I\T. Gillett

Gentianella amarella (L.) Bomer ssp. hetero-

sepala (Engelm.) J. M. Gillett, Ann. Miss.

Bot. Gard. 44:251. 1957.

Gentiana heterosepala Engelm., Trans. Acad.
Sci. St. Louis 2:215. 1862.

Gentiana distegia Greene, Pitt. 4:182. 1900.

Amarella heterosepala (Engelm.) Greene, Leafl.

Bot. Obs. & Crit. 1:53. 1904.

Amarella scopulorum Greene, loc. cit. 1904.

Gentiana scopulorum (Greene) Tidestrom, Contr.

U. S. Nat. Herb. 25:415-416. 1925.

Flowering from mid-July through Au-
gust; moist meadows and aspen forests.

Common in Utah, extending into Colo-

rado, Wyoming, New Mexico, Arizona,

and Idaho.

Representative specimens: Carbon Co.: Welsh
6544 (bry). Grand Co.: Maguire 20325 (utc).

Iron Co.: Hitchcock 4554 (utc). Kane Co.: Ma-
guire 19587 (utc). Piute Co.: Coles 95 (bry).

Salt Lake Co.: Garrett 1538 (ut). San Juan Co.:

Harrison 12493 (bry). Sanpete Co.: Shafer 47
(utc). Summit Co.: Vickery 1395 (ut). Uintah
Co.: Maguire 17705 (utc). Utah Co.: Welsh
3500 (bry). Wasatch Co.: Garrett 2844 (ut).
Washington Co.: Giersch 527 (utc).

Gentianella barbellata (Engelm.)
J. M. Gillett

Gentianella barbellata (Engelm.) J. M. Gillett,

Ann. Miss. Bot. Gard. '14:230. 1957.

Gentiana barbellata Engelm., Trans. Acad. Sci.

St. Louis 2:216. 1862.

Gentiana moseleyi A. Nelson. Bot. Gaz. 31:396.

1901.

Anthopogon barbellatus (Engelm.) Rydb., Bull.

Torr. Bot. Club 33:148. 1906.

Acaulescent or caulescent perennials,

5-15 cm tall, from a slender, branched
rhizome, the branches erect; basal leaves

oblanceolate, clasping at base, 2-6 cm long;

flowers solitary and terminal, sessile to

shortly pedicellate, 4-merous; calyx tube

bluish green, 11-25 mm long, funnelform;

calyx lobes triangular to lanceolate, equal;

corolla deep blue to lighter at base, 2.4-4.5

cm long, funnelform; corolla lobes spread-

ing at anthesis, oblong and obtuse to

acute, as long as, or longer than the tube;

stamens included to slightly exserted;

ovary short-stipitate; stigmas sessile; ma-
ture capsule as long as the corolla tube.

Flow^ering mid-August through Sep-

tember; coniferous forests, montane to

alpine slopes, wet meadows.
Central Colorado and southern Wyo-

ming, south to Utah, northern Arizona

and northern New^ Mexico.
G. barbellata is the only perennial spe-

cies of the genus in North America.

Representative specimens: Grand Co.: Har-
rison 12457 (bry). Sanpete Co.: Walker s.n.

(bry); Maguire 20059 (utc).

Gentianella detonsa (Rottb.) G. Don

Gentianella detonsa (Rottb.) G. Don, Gen. Syst.

4:179. 1838.

Gentiana detonsa Rottb., Kiob. Selsk. Skr. (Acta

Hafn.) 10:435. 1770.

Caulescent annuals or biennials, gla-

brous to subglabrous, 0.5-9 dm tall, from

a slender taproot; stems erect to basally

decumbent, branched or simple; basal

leaves forming a rosette or reduced to a

single pair, elliptic to spathulate, 0.5-3.5

(6) cm long; cauline leaves 1.5-6.5 cm
long, linear to elliptic or spathulate,

mostly clasping the stem; flowers solitary

and terminal, long-pedicellate, 4-merous;
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calyx tube 9-14 mm long, narrowly to

broadly fmmelform, the lobes triangular,

acute; corolla pale to dark blue, 2-5(6)

cm long, funnelform; corolla lobes erect

to spreading, 9-25 mm long, oblong to

somewhat obovate, the margins ciliate to

fimbriate to toothed; stamens included;

ovary short-stipitate; stigmas sessile to

short-stipitate; capsule as long as or

slightly longer, than the corolla tube.

Ssp. elegans is the only representative

of the G. detonsa complex found in Utah.

Gentianella detonsa ssp. elegans

(A. Nels.) J. M. Gillett

Gentianella detonsa (Rottb.) G. Don ssp. elegans

(A. Nels.) J. M. Gillett, Ann. Miss. Bot.

Gard. 44:217. 1957.

Gentiana thermalis 0. Kuntze, Rev. Gen. 2:427.

1891.

Gentiana elegans A. Nels., Bull. Torr. Bot. Club
25:276. 1898.

Gentiana elegans A. Nels. var. unicaulis A.

Nels., Bull. Torr. Bot. Club 25:277. 1898.

Gentiana elegans A. Nels. var brevicalycina

Wettst. ex Th. Holm., Ottawa Nat. 15:182.

1901.

Anthopogon elegans (A. Nels.) Rydb., Bull. Torr.

Bot. Club 33:148. 1906.

Flowering throughout July and August;

usually high mountain meadows and
along streams, moist areas.

Rocky Mountains from southern Mon-
tana to Wyoming, Utah, and Idaho, east

to eastern Nevada, south to New Mexico.

In assigning the epithet elegans for this

subspecies, I have followed Gillett's

treatment of the species (Gillett 1957).

Even though thermalis is the older name,
Kuntze's type has not been found and
evidently was in very poor condition

(Rydberg 1917). Nelson's specimens,

however, are distributed in at least three

herbaria and are of more acceptable

quality.

Representative specimens: Carbon Co.: Walker
s.n. (bry). Emery Co.: Maguire 15931 (utc).

Iron Co.: Boyle 764 (utc). San Juan Co.: Ma-
guire 20324 (uTc). Sevier Co.: Stoddart s.n.

(utc). Summit Co.: Maguire 14769 (utc). Utah
Co.: Standing 202 (ut). Wasatch Co.: Cottam
1384 (bry).

Gentianella tenella (Rottb.) Bomer

Gentianella tenella (Rottb.) Bomer, Fl. deut

Volk, 542. 1912.

Gentiana tenella Rottb., Kiob. Selsk. Skrift. (Acta

Hafn.) 10:436. 1770.

Lomatogonium tenellum (Rottb.) Love & Love.

Acta Hort. Gotoburg 20:117. 1956.

Herbaceous, glabrous annuals, (1)3-15

(20) cm tall, from a weak taproot; stems

decumbent at base then erect, caespitose;

basal leaves in rosettes or only 2, 3-10

mm long, elliptic; cauline leaves 4-9 mm
long, ovate to elliptic, somewhat clasping;

flowers terminal or axillary, single, on
elongate pedicels 2-10 cm long; calyx

4- or 5-lobed, 5-10 mm long, the lobes

commonly unequal; corolla white to blue,

8-12 mm long, tubular; corolla lobes 4
or 5, Vs to 14 as long as corolla tube;

corona fimbriae united at base; stamens

included; ovary sessile; stigmas sessile;

capsule projecting beyond corolla, up to

12 mm long.

Ssp. tenella is the identity of all speci-

mens in Utah. The only other subspecies

is pribilofii, found on the Pribilof Islands,

Alaska.

Gentianella tenella ssp. tenella

Gentianella tenella (Rottb.) Borner ssp. tenella

Cicendia tenella (Rottb.) Raf. ex Jacks., Ind.

Kew. 1:533. 1893.

Gentiana monantha A. Nelson, Bull. Torr. Bot.

Club 31:244. 1904.

Amarella monantha (A. Nels.) Rydb., Bull. Torr.

Bot. Club 33:148. 1906.

Amarella tenella (Rottb.) Cockerell, Amer. Nat.

40:871. 1906.

Gentiana borealis Bunge, Nouv. Mem. Soc. Nat.

Mosc. 1:251. 1929.

Gentianella tenella Rottb. var. monantha (A.

Nels.) Rouss & Raym., Nat. Canad. 79:77.

1952.

Flowering from late July imtil early

September; variable habitats, moist or dry

soil, sandy beaches, wet meadows, mon-
tane or alpine zones.

Northern Canada and Alaska, Rocky
Mountains south to Arizona and New
Mexico, west to eastern California.

Much of the Utah material has been

identified as Gentiana monantha, original-

ly described by Aven Nelson because he
mistakenly thought tenella to be strictly

5-merous. It is, however, either 4- or 5-

merous.

Representative specimens: Duchesuo (]o.: Lud-
wig 1062 (ut). Juab Co.: McMillan 1259

(utc). Summit Co.: Maguire 14451 (utc).

Uintah Co.: Cottam 108 (bry); Maguire 17686

(utc).

Gentianella tortiiosa (M. E. Jones)

J. M. Gillett

Gentianella turtuosa (M. E. Jones) J. M. Gillett,

Ann. Miss. Bot. Gard. 4-l-:248. 1957.
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Gentiana tortuosa M. E. Jones, Pro. Calif. Acad.
II, 5:707. 1895.

Amarella tortuosa (M. E. Jones) Rvdb., Bull.

Torr. Bot. Club 40:463. 1913.

Gentiana helleri Briq., Candolloa 4:331. 19-51.

Caespitose, glabrous annuals, 2-16 cm
tall, from a very long taproot; basal

leaves 5-25 mm long, elliptic to ligulate,

clasping; cauline leaves 5-35 nun long,

1-5 mm wide, narrowly oblong to lanceo-

late; flowers solitary in the axils, or on
short axillary branches, borne on short

pedicels to 15 mm long, 5-merous; calyx
tube short, 1-2 mm long; calyx lobes 2-7

mm long, green, the margins obscurely
hyaline, linear, unequal; corolla white to

pale blue, 5-8(9) mm long, broadly
funnelform to campanulate, the lobes

usually equaling the length of the tube

and ovate; corona fimbriae free; stamens
included; ovary exserted slightly in fruit.

Flowering mid-July through late Au-
gust; among yellow pine, along damp
stream banks, open hillsides, and bare,

gravelly slopes.

Restricted to the southern half of Utah
and southern Nevada.

The long, slender taproot is a unique
characteristic of this species.

Representative specimens: Garfield Co.: Ma-
guire 19074 (utc); Atwood 1886 (bry); Cottam
2765 (bry). Iron Co.: Maguire 19473 (utc);
Welsh 2660 (bry); Maguire 17569 (utc). Kane
Co.: Maguire 19646 (utc). Sanpete Co.: Hum-
phrey 104 (bry).

5. Swertia L.

Swertia L. Sp. PI. 1:226. 1753.

Glabrous perennials from somewhat
slender rhizomes; stems usually single,

(9)10-50 cm tall, erect, unbranched, slen-

der, generally green to dark blue; leaves

mostly basal, alternate or opposite, the

lower petiolate, obovate to elliptic, 4-12

cm long, the cauline reduced and sessile;

flowers in a racemose panicle or some-
what cymose, on pedicels 1-4(5) cm long,

4- or 5-nierous; corolla blue to bluish

purple, white blotched, rotate-camjianu-
IfUc, the lobes 6-11 nini long; fo\ ae 2 per
lobe, oval to orbicular, 0.6-0.9 mm long,

fringed around edge; corona inconspicuous
and only sparsely puberulant; caf)sule

ellipsoid, compressed, 7-12 mm long.

A single species in Utah:

Swertia perennis L.

Swertia perennis Iv., Sp. PI. 1:226. 1753.

Swertia fritillaria Rvdb., Bull. Torr. Bot. Club
40:465. 1913.

Flowering July through August; mon-
tane to subalpine forests, meadows,
streamsides, moist and often shaded
places.

Alaska to California, east through the

Rocky Mountains, Eurasia.

Representative specimens: Duchesne Co.: Lud-
wig 1019 (ut); Harrison 10031 (bry). Salt Lake
Co.: Garrett 1566 (ut). Sevier Co.: Spear 5390
(bry). Summit Co.: Cottam 5403 (ut); Welsh
1636 (bry). Uintah Co.: Garrett 4006 (ut).
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NEW SPECIES OF ORIBATIDS FROM WESTERN COLORADO
(ACARINA: CRYPTOSTIGMATA, SUCTOBELBIDAE)

Harold G. Higgins^ and Tyler A. Woolley-

Abstract.— A new species of Suciobelba, S. tumulata, and a new genus and species, Parisucto-

belba septenia, are described from collections of oribatids taken in coal strip-mining spoil banks near

Hayden, Colorado. The new species are compared with members of the family from North America

and Europe. The new genus is differentiated by a smooth, narrowed sensillum and seven pairs of geni-

tal setae. Taxonomic and ecological data are also discussed.

Studies of oribatid mites taken from
spoil banks in the Yampa Valley yielded

some interesting forms not previously de-

scribed in the literature. Among these

representatives are two new mites in the

family Suctobelbidae; one is a new genus
and species, the other a new species of

the genus Suctobelba.

In a review of the literature of the

family Suctobelbidae, we noted that one
of the most recent citations concerning the

North American forms of this family is

the work of Jacot (1937). In Europe,

Forsslund (1941) reviewed the Swedish
species; Strenske (1951, 1955, 1963) sum-
marized the north German species; and
Willmann (1953) described a new genus.

The later work of Moritz (1970a, 1970b,

1970c) involves revisional material on
the genus Suctobelba, including a review
of the type of the genus, Suctobelba tri-

gona (Michael) Paoli, 1908, Suctobelbila

(1974), and Suctobelbella (197gc). Ba-

logh (1968) described a new species of

Suctobelbila from New Guinea; Balogh
and Mahunka (1974) described a new
species of Suctobelbila from Cuba.

Comparisons of the new species of Suc-

tobelba with examples referred to in the

above literature show that the new spe-

cies differs in its larger size and morphol-
ogy from species collected by Jacot (1937)
in the United States and by Hammer
(1952, 1955) in Canada and Alaska. This

new species is also different from those

European species reviewed by Moritz

(1970a) as well as Milhelcic (1956), and
from the Japanese species described bv
Aoki (1961).

The new species of Suctobelba resembles

most closely the European typo, Suctobel-

ba trigona (Michael) Paoli,' 1908, and S.

punctata Hammer, 1955. The major dif-

ferences are indicated in the diagnostic

characteristics included below with the

species description.

Suctobelba tumulata, n. sp.

Figs. 1, 2

Diagnosis: The new species has the

general appearance of the type of genus
Suctobelba trigona, with a similar pro-

dorsum, sensillum, and anterior border of

the notogaster. It differs in the presence

of two anterolateral rostral teeth com-
pared to the single anterolateral tooth

separated from the rostrum by a deep
incision as shown by Strenske (1951)
for the type of the genus. The sensillum

of the new species is less clavate and less

curved than the sensillum of the type

or S. punctata Hammer (1955); the pro-

dorsal and notogastral hairs are smaller

than in either of these species. Other
minor features useful in diagnosis are

indicated in the following description.

The trivial name, tumulata. is taken
from the Latin tumulus, which means a

raised mound of earth or a hillock. The
name is intended to imply ecological loca-

tion inasmuch as the new species was
taken from spoil banks caused by coal

strip-mining.

Description: Color yellowish brown;
prodorsum triangular, narrowed anterior-

ly, rostrum with two anterolateral teeth,

rostral hairs elbowed, finely barbed, in-

serted in raised tubercles at anterolateral

margin of rostrum; mid-prodorsal fields

elongated similar to tyjie of geiuis, mid-
region of prodorsimi with fine tubercles;

lamellar hairs fine, short, about as long

as width of raised tubercles from which
they arise; intorlamellar hairs twice as

long as lamellar hairs, inserted mediad

'Biology Department, Granger High School, Granger, Utah 84119.
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Figs. 1-2. Suctobelba tumulata, n. sp.: 1, dorsal aspect, legs partially omitted; 2, ventral aspect.

of pseudostigmata about half their

lengths; sensillum clavate, head nar-

rowed distally, finely barbed at tip.

Notogaster rounded in outline, anterior

margin with slight anterior prominences,
but lacking sclerotized projections com-
mon to other species of the genus; nine
pairs of notogastral setae as seen in Fig.

1 (reduced number over most species of

the genus observed); surface of notogaster

smooth, glabrous.

Camerostome elongated, chelicerae at-

tenuated as in other species of the genus
and family; palps, ventral setae, and
apodemes as seen in Fig. 2; genital aper-

ture two-and-one-half times its length

anterior to anal opening; each genital

cover with six setae, anterior four setae

close to medial margin and in anterior

half of cover, posterior two setae set some-

what diagonally in mesial posterior end
of cover; aggenital setae remote from
genital aperture by three times their

lengths, about midway between genital

and anal apertures; anal aperture about

one quarter larger than genital, each anal

cover with two setae; adanal setae twice

as long as aggenital, ad-^, adn inserted

remote from anal opening, adx close to

posterior margin of both anal cover and
venter; fissure iad near anterolateral mar-
gin of anal aperture.

Size: 300/<. X 17V
Legs: monodactylous.

Two female specimens were collected

at Wolf Creek near Hayden, Colorado,

by Harold G. Higgins and Tyler A. Wool-
ley, 8 June 1971, from serviceberry and
grass. The type will be deposited in the

U.S. National Museum.
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Parisuctobelba septenia, n. gen., n. sp.

Figs. 3, 4

Diagnosis: The distinguishing charac-

teristics of the new genus and species are

the Smooth, parallel-sided sensillum and
the seven pairs of genital setae; 10 pairs

of notogastral hairs; anterolateral rostral

teeth and the absence of anterior noto-

gastral projections are also notable, but

may show similarities to other genera
and species in the Suctobelbidae. Al-

though larger than Suctobelba trigona

(Michael) Paoli, 1908, the new genus
and species is most similar to Suctobelba
gigantea Hammer, 1955, in size and type

of sensillum, which lacks the distal brush
shown by Hammer for the Alaskan spe-

cies; it differs markedly in the seven
pairs of genital setae and the number
and size of rostral teeth.

The generic name is derived from the

Latin paris, and, applied to the stem
term, refers to the parallel sides of the

sensillum; the trivial name of the species

comes from the Latin septeni, and refers

to the "seven each" genital hairs on the

genital covers, both distinctive features

for the new genus and species. A single

gravid female was found under a service-

berry and is described below.

Description: Color yellowish brown;
prodorsum triangular in outline, with
three small rostral teeth on anterolateral

margins; rostral hairs elbowed, finely

barbed, inserted in squarish tubercles on
surface of rostrum at level of anterior

rostral teeth; surface of prodorsum punc-
tulate, with two sizes of pits, mesal fields

of prodorsum with larger pits than pos-

terior, lateral areas, sclerotized ridges ex-

tending from insertion of rostral hairs

posteriorly to level of lamellar hairs,

arched laterally around mesal fields,

arches more highly sclerotized and promi-
nent, rugose, punctulato. arched laterally;

lamellar hairs about half as long as sensil-

lum, simple, insortod in prominent larger

tuborclos between ])osterior ends of sculp-

tured arrhos; intorlaniellar hairs shorter

than lamellar, about as long as distance

between each other, curved medially, in-

serted in sculptured plate between pseudo-
stigmata; pseudostigmata rounded, with
raised margins; sonsillum elongated, with
parallel sides and of similar width
throughout length, pedicel smooth
throughout most of length, finely barbed

at distal tip; exobothridial hairs simple,

nearly as long as interlamellar hairs, in-

serted near posterolateral margin of

pseudostigmata; pseudostigmata laterad of

curved ridges extending from insertions

of interlamellar hairs to near anterior

margin of notogaster.

Notogaster oval in outline, wdth 10

pairs of notogastral setae as seen in Fig.

3; setae simple; fissure im near setae ms.
Camerostome aboval in outline with

elongated anterior end; chelicerae appear
attenuated as in other species in family;

ventral setae as in Fig. 4; apodemata IV
arched anteriorly to forward edge of geni-

tal aperture; genital aperture about three

times its length anterior to anal opening,

about one-third smaller than anal open-
ing; each genital cover with seven setae;

setae g-1 to g-5 near mesal margin of

cover; setae g-6, g-7 diagonally placed in

posterolateral aspects of cover; each anal

cover with two setae; aggenital, adanal

setae and fissure lad as in Fig. 4.

Measurements: 552/.i long x 300/(, wide.

Legs: monodactylous.
A single, gravid female was taken be-

neath a serviceberry near Wolf Creek,

near Hayden, Colorado, 8 June 1971, by
Harold G. Higgins and Tyler A. Woolley.
The type specimen will be deposited in

the U.S. National Museum.

DicussiON: Both of the new species de-

scribed in this paper were collected at the

edge of a spoil bank formed as a result of

coal strip-mining near Hayden, Colorado.

Their discovery necessitated a fairly ex-

tensive review of the literature on de-

scribed species within the family Suctobel-

bidae. Because of this search, we came
to the conclusion that some confusion

exists as to the characteristics that sepa-

rate the genera of the Suctobelbidae (e.g.,

Balogh 1972, Moritz 1970a). Of the 12

genera currentlv assigned to the family,

there at least six genera with characters

that overlap. We compared anterior noto-

gastral projections, notogastral setae, sen-

silla, rostral setae, and teeth. Descriptions

are inconsistent for decisive generic char-

acters, sometimes within the same article.

We had hoped to include a key to the

genera as a part of this paper, but we will

\\i\\o tf) do further comparisons to com-
plete that intention.

It appears to us that many of the spe-

cies of mites assigned to the geiuis Sucto-
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Figs. 3-4. Parisuctobelba septenia, n. gen., n. sp.: 3, dorsal aspect legs omitted; 4, ventral aspect.

belba belong in the genera Suctobelbila

and Suctobelbella, but incomplete descrip-

tions and lack of broadly comparative in-

formation cause difficulties in determina-
tions. The genus Suctobelba is character-

ized by anterior notogastral projections,

yet these are apparently lacking on the

type genus and species. Usually a sen-

sillum wdth a greatly enlarged, clavate,

curved head and 10 pairs of notogastral

setae are also characteristic, but discrep-

ancies regarding these features were also

found. We intend to make a careful anal-

ysis of the differentiating features of the

genera and species of this family to deter-

mine limits and key features of the mem-
bers of Suctobelbidae.

We have obsened from descriptions in

the literature that there are disj)arities

between Fenestrobelba, Zeasuctobclba,

and the three genera mentioned above.

Identification and comparisons are dif-

ficult with the existing state of the taxon-

omy in this family, but we feel justified

in establishing the new genus and species

described in the paper because it does not
fit in any established genus nor with
any other type we have seen or read
about.

Reference was made to the collection

site near Hayden, Colorado. Although
other collections than the ones mentioned
above were made in the same area at sub-

sequent times, no additional specimens
were obtained. We have assumed that the

absence of these two new species may
have been due to a seasonal fluctuation,

with populations of these species on the

wane, or that environmental moisture or

other physical factors changed the popu-
lation density during the later collections.

The approaching summer temperature
may have affected the populations. This
type of experience where specimens are

collected at one time and not at another
has been noted for other species and over
a longer time span. In another paper we
shall discuss additional ecological obser-

vations on oribatids in connection with
these studies of the spoil banks and eval-
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uate some of the circumstances that con-

tribute to species distribution in that area

during the time of the study.
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AN ANNOTATED LIST OF THE AQUATIC INSECTS OF
SOUTHEASTERN IDAHO. PART I. PLECOPTERA

Robert L. Newell^ and G. W. Minshall-

Abstr.\ct.— All of the known records of Plecoptei-a occurring in soutlieastem Idaho have been
compiled in this list, which includes a nunil)er of new records obtained by the authors. The study

region includes all of the sti(>ains in the Snake River and Great Basin drainages of the state found
east of the Wood River and south of the Continental Divide and covers about one-third of the state's

216,413 km- area. A total of 71 species were found to occur in the area. These are listed by family

and the specific habitats in which each is known to occur are noted.

The distribution of aquatic insects in

Idaho is still poorly known, and existing

information is scattered throughout pub-
lished sources or is obtainable only from
unpublished theses or museum records.

This work is an effort to bring together

these diverse pieces of information and to

make them more readily available. In-

cluded are a large nimiber of new records

obtained by the authors and their col-

leagues over the past few years.

In an early work Needham and Claas-

sen (1925) recorded only two species of

stoneflies from Idaho; Jewett (1959) re-

ported 13 species from the state. Gaufin
(1964) and Gaufin et al. (1966) listed

a total of 75 species from Idaho. Logan
and Smith (1966) reported additional

Idaho Plecoptera, raising the state total

to 84 species. The present study records

71 species from southeastern Idaho. By
contrast the neighboring state of Utah
has 75 species (Baumann 1973) and Mon-
tana has over 120 species (Gaufin et al.

1972). The taxonomic treatment is that of

lilies (1966) and Zwick (1973).

The study area includes all streams and
bodies of water in southeastern Idaho
(Fig. 1). The area includes a portion of

the Bear River drainage, the Lost River
System, and all of the Snake River sys-

tem upstream from where the Wood River
joins the Snake River. This area comprises
about one-third of the state's 216,413 km-
area.

The authors thank the many people who
contributed time, effort, and specimens for

this study. They also thank Dr. Richard
Baumann who identified some of the spec-

imens.

Family Nemourid.-xe

1 . Amphinemura banksi Baumann and
Gaufin: Bannock Co., (jibson Jack Cr.;

Mink Cr. Blaine Co., Big Wood R.;

Fig. 1. An outline map of Idaho showing the

location of the study area in relation to the major
river drainage systems. A, Snake River; B. Salmon
River; C, Clearwater River. The shaded area

designates the region covered b}- this study.

^Montana Fishs and Game Dept.. Box 1063. Glendive. .Montana 59330. Present address: Knvirnninental Si icnce Division,

StearnsRogeiss, Inc., P.O. Box 5888, Denver, Colorado 80217.

-Biology Dept., Idaho State Univ., Pocatetllo, Idaho 83201.
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Bonneville Co., Palisades Cr.; Pine Cr.;

Rainey Cr. Franklin Co., Cottonwood Cr.;

Cub R.

2. Malenka californica (Claassen)

:

Bannock Co., Cedar Lake Cr.; Mink Cr.;

Rapid Cr. Bonneville Co., Palisades Cr.;

Pine Cr.; Rainey Cr. Franklin Co., Cub
R. Fremont Co., Big Springs. Gooding
Co., Hagerman; Niagara Springs. Teton
Co., Trail Cr. .

3. Malenka flexura (Claassen): Blaine

Co., Horse Cr. Fremont Co., Snake R.

(Henry's Fork); Warm R.

4. Malenka tina (Ricker): Blaine Co.,

Big Wood R. Butte Co., Craters of the

Moon Nat'l Monument. Lemhi*Co., Birch

Cr. Twin Falls Co., Rock Cr.

5. Podmosta decepta (Prison): Blaine

Co., Big Wood R. Bonneville Co., Tie

Canyon, 16 km north of Swan Valley.

6. Podmosta delicatula (Claassen):

Bannock Co., Mink Cr. Bonneville Co.,

Jensen Cr. Caribou Co., Pebble Cr.

7. Prostoia besametsa (Ricker) : Ban-
nock Co., Gibson Jack Cr.; Mink Cr.

Blaine Co., Big Wood R. Bonneville Co.,

Palisades Cr.; Pine Cr.; Rainey Cr. Frank-
lin Co., Cottonwood Cr.; Cub R.

8. Visoka cataractae (Neave) : Blaine

Co., Big Wood R. Bonneville Co., Pine
Cr.

9. Zapada cinctipes (Banks): Bannock
Co., Cherry Cr.; City Cr.; Gibson Jack
Cr.; Green Cr.; Indian Cr.; Mink Cr.;

Pocatello Cr.; Rapid Cr.; Walker Cr. Bear
Lake Co., Emigration Cr. Blaine Co., Big
Wood R. Bonneville Co., Jensen Cr.;

Palisades Cr.; Pine Cr.; Rainey Cr.;

Sheep Cr. Caribou Co., Wood Cr. Frank-
lin Co., Cub R.; Strawberry Cr. Fremont
Co., Big Springs; Buffalo R.; Howard
Cr.; Osborn Springs; Robinson Cr.; Warm
R. Gooding Co., Niagara Springs. Oneida
Co., Deep Cr.; Devil Cr. Teton Co., Trail

Cr.

10. Zapada columhiana (Claassen):
Bear Lake Co., Emigration Cr. Bonne-
ville Co., Pine Cr.; Rainey Cr.

11. Zapada frigida (Claassen): Bonne-
ville Co., Jensen Cr.

12. Zapada haysi (Ricker): Bear Lake
Co., Emigration Cr. Blaine Co., Big Wood
R.; Owl Cr. Bonneville Co., Pine Cr.;

Sheep Cr. Franklin Co., Cub R.

13. Zapada oregonensis (Claassen):

Blaine Co., Spring Cr. Bonnovillo Co.,

Indian Cr.; Jensen Cr.; Spring Run. Butte

Co., Little Cottonwood Cr. Fremont Co.,

S. Fk. Fish Cr.

Family Capniidae

14. Capnia coloradensis Claassen:

Blaine Co., Big Wood R. Bonneville Co.,

Pine Cr. Fremont Co., Robinson Cr.;

Warm R. Teton Co., N. Fk. Teton R.

15. Capnia confusa Claassen: Ban-
nock Co., Mink Cr. Bear Lake Co., Bloom-
ington Cr.; St. Charles Cr. Blaine Co., Big

Wood R. Bonneville Co., Rainey Cr.

Franklin Co., Cub R. Fremont Co., Rob-
inson Cr.; Snake R. (Henry's Fork).

16. Capnia distincta Frison: Blaine Co.,

Big Wood R. Bonneville Co., Pine Cr. Fre-

mont Co., Robinson Cr. Teton Co., Teton
R.

17. Capnia gracilaria Claassen: Ban-
nock Co., Gibson Jack Cr.; Green Cr.;

Indian Cr.; Mink Cr.; Pocatello Cr.;

Portneuf R.; Quinn Cr.; Rapid Cr.; Rob-
ber's Roost Cr. Blaine Co., Big Wood R.;

Warm Springs Cr. Bonneville Co., Pine
Cr. ; Rainey Cr.; Snake R. at Swan Valley.

Franklin Co., Cottonwood Cr.; Cub R.

Fremont Co., Buffalo R.; Falls R.; Rob-
inson Cr.; Snake R. at Mack's Inn and
Ashton; Warm R. Jefferson Co., Snake
R. Teton Co., Teton R.; Trail Cr.

18. Capnia lemoniana Nebeker: Ban-
nock Co., Fish Cr.; Gibson Jack Cr.;

Mink Cr.; Portneuf R.; Rapid Cr. Bear
Lake Co., Bloomington Cr. Blaine Co.,

Big Wood R.; Silver Cr. Franklin Co.,

Cub R.; Warm Cr. Fremont Co., Snake
R. at Mack's Inn. Oneida Co., Deep Cr.

Teton Co., Teton R.; Trail Cr.

19. Capnia limata Frison: Power Co.,

Rock Cr.

20. Capnia niilami Nebeker and Gau-
fin: Blaine Co., Big Wood R. near
Ketchum.

21. Capnia nana Claassen: Bannock
Co., Gibson Jack Cr.; Green Cr.; Mink
Cr.; Pocatello Cr.; Rapid Cr. Bonneville

Co., Rainey Cr. Franklin Co., Cub R.

22. Capnia petila Jewett: Bonneville

Co., Pine Cr.; Rainey Cr.

23. Capnia uirjfa/n' Gaufin: Bannock
Co., Indian Cr.; Mink Cr.; Rapid Cr. Bon-
neville Co., Pine Cr. Franklin Co., Cub
R. Oneida Co., Deep Cr.

24. Eucapnopsis hrevicauda (Claas-

sen): Baiino( k Co.. Gibson Jack Cr. Blaine

Co., Big Wood R, Bornioville Co., Rainey
Cr. Franklin Co., Cub R.



Dec. 1976 NEWELL, MINSHALL: IDAHO PLECOPTERA 503

25. Isocapnia crinita (Needhani &
Claassen): Franklin Co., Cub R. Jeffer-

son Co., Snake R.

26. Isocapnia hyalita Ricker: Bonne-
ville Co., Rainey Cr.

27. Isocapnia missourii Ricker: Bon-
neville Co., S. Fk. of Snake R.

Family Taeniopterygidae

28. Doddsia occidentalis (Banks)

:

Blaine Co., Big Wood R. Bonneville Co.,

Palisades Cr.; Pine Cr.; S. Fk. Snake R.

Teton Co., Trail Cr.

29. Taenionema nigripennis (Banks)

:

Bannock Co., Cherry Cr. ; Gibson Jack

Cr.; Mink Cr. Blaine Co., Big Wood R.

Bonneville Co., Palisades Cr.; Rainey Cr.

Franklin Co., Cub R.

30. Taenionema pacifica (Banks):

Blaine Co., Big Wood R.

Family Leuctridae

31. Paraleuctra forcipata Frison: Ban-
nock Co., Mink Cr.

32. Paraleuctra sara (Claassen): Blaine

Co., Big Wood R.

Family Pteronarcidae

33. Pteronarcella badia (Hagen) : Ban-
nock Co., Mink Cr. Butte Co., Little Lost

R. Clark Co., Beaver Cr.; Birch Cr.; Med-
icine Lodge Cr. Custer Co., Big Lost R.

34. Pteronarcys californica Newport:
Bannock Co., Gibson Jack Cr.; Mink Cr.;

Portneuf R. Bonneville Co., S. Fk. Snake
R. Butte Co., Little Lost R. Caribou Co.,

Blackfoot R. Clark Co., Birch Cr. Fremont
Co., Henry's Fk. Snake R.; Robinson Cr.;

Warm R. Teton Co., Teton R.

35. Pteronarcys princeps Banks: Ban-
nock Co., City Cr.; Gibson Jack Cr.; Mink
Cr.

Family Perlodidae

36. Cultus aestivalis (Needham &
Claassen) : Fremont Co., Henry's Fork
Snake R. Teton Co., Teton R.; Warm R.

37. Cultus tostonus (Ricker): Fremont
Co., Henry's Fork Snake R. Teton Co.,

Teton R.;'Warm R.

38. Diura knowltoni (Frison) : Ban-

nock Co., Gibson Jack Cr.

39. Isogenoides elongatus (Hagen):
Bonneville Co., Fall Cr.

40. Isogenoides colubrinus (Hagen) :

Bonneville Co., Snake R.

41. Isoperla fulva Claassen: Bannock
Co., Mink Cr. Bonneville Co., Jensen Cr.

Butte Co., Little Lost R. Caribou Co.,

Portneuf R. Clark Co., Beaver Cr.; Birch

Cr.; Camas Cr.; Medicine Lodge Cr. Cus-
ter Co., Big Lost R. Fremont Co., Robinson
Cr.; Snake R.

42. Isoperla fusca Needham and
Claassen: Bannock Co., Mink Cr. Bonne-
ville Co., Snake R. Fremont Co., Fish Cr.

Lemhi Co., Firebox Cr.

43. Isoperla longiseta Banks: Upper
Snake R. (Ricker 1964).

44. Isoperla mormona Banks: Bannock
Co., Portneuf R. Bingham Co., Spring Cr.

Butte Co., Little Lost R. Clark Co., Birch

Cr. Fremont Co., Fall R.; Snake R. Twin
Falls Co., Little Cr.

45. Isoperla patricia Frison: Bingham
Co., Spring Cr. Bonneville Co., Fall Cr.;

Pine Cr.; Snake R. Butte Co., Little Lost

R. Caribou Co., Portneuf R. Cassia Co.,

Indian Spring. Fremont Co., Henry's Fork
Snake R. Teton Co., Teton R.; Warm Cr.

46. Isoperla petersoni Needham and
Christensen: Bannock Co., Mink Cr.

47. Isoperla phalerata (Needham and
Claassen): Bannock Co., Mink Cr. Blaine

Co., Big Wood R.

48. Isoperla pinta Frison: Cassia Co.,

near Malta. Teton Co., Teton R.

49. Isoperla sordida (Banks): Teton

Co.. Trail Cr.

50. Kogotus modestus (Banks): Bonne-

ville Co., Pine Cr. Teton Co., Trail Cr.;

Warm Cr.

51. Megarcys signata (Hagen): Ban-

nock Co., Portneuf R.; Walker Cr. Bonne-

ville Co., Jensen Cr.; Palisades Cr.; Pine

Cr.; Rainey Cr. Butte Co., Little Lost R.

Teton Co., Trail Cr.

52. Megarcys watertoni (Ricker):

Lemhi Co., Little Lost R.

53. Pictetia expansa (Banks): Bonne-

^ ille Co., Rainey Cr. Teton Co., Trail Cr.

54. Setvena hradleyi (Smith): Fre-

mont Co., Henry's Fork Snake R.

55. Skwala parallela (Frison): Ban-

nock Co., Cherr\' Cr.; Mink Cr. Blaine

Co., Big Wood R. Bonneville Co., Willow

Cr. Butte Co., Little Lost R. Caribou Co.,

Portneuf R. Clark Co., Beaver Cr.; Birch

Cr.; Camas Cr.; Medicine Lodge Cr.

Franklin Co., Cottonwood Cr. Fremont

Co., Falls R.; Robinson Cr. Snake R.



504 GREAT BASIN NATURALIST Vol. 36, No. 4

Family Chloroperlidae

56. Alloperla severa (Hagen): Ban-
nock Co., Mink Cr. Bonneville Co., Pine

Cr.; Snake R. Teton Co., Teton R.

57'. Suwallia lineosa (Banks): Bonne-
ville Co., Pine Cr.

58. Suwallia pallidula (Banks) : Bonne-
ville Co., Pine Cr. Custer Co., Wildhorse
Cr. Fremont Co., Robinson Cr. Power Co.,

Rock Cr. Tetoft Co., Trail Cr.

59. Sweltsa albertensis Needham and
Claassen: Cassia Co., Indian Springs;

Spring Seep. Custer Co., Wildhorse Cr.

Fremont Co., Snake R.

60. Sweltsa borealis (Banks): Butte

Co., Little Lost R. Custer Co., Wildhorse
Cr.

61. Sweltsa coloradensis (Banks): Ban-
nock Co., Mink Cr. Blaine Co., Big Wood
R. Bonneville Co., Jensen Cr.; Pine Cr.

Caribou Co., Pebble Cr. Teton Co., Teton
Cr.; Trail Cr.

62. Sweltsa fidelis Banks: Bannock
Co., Mink Cr. Bonneville Co., Spring

Run. Butte Co., Little Cottonwood Cr.

Fremont Co., Fish Cr. Lemhi Co., Firebox

Cr.

63. Sweltsa lamba Needham and
Claassen: Bonneville Co., Jensen Cr.;

Rainey Cr.

64. Triznaka diversa (Frison): Bonne-
ville Co., Pine Cr. Teton Co., Trail Cr.

65. Triznaka pintada (Ricker): Cassia

Co., Cassia Cr. Teton Co., Teton Cr.;

Teton R.

66. Triznaka signata (Banks): Bonne-
ville Co., Snake R. Teton Co., Teton R.;

Trail Cr.

67. Utaperla sopladora Ricker: Blaine
Co., Big Wood R.

Family Perlidae
68. Claassenia sabulosa (Banks):

Butte Co., Little Lost R. Clark Co., Birch
Cr.; Camas Cr. Custer Co., Big Lost R.

69. Doronuria californica (Banks)

:

Bannock Co., Mink Cr. Bonneville Co.,

Jensen Cr.; Snake R. Butte Co., Little

Cottonwood Cr. Fremont Co., Snake R.

70. Doronuria theodora (Needham
and Claassen) : Bonneville Co., Rainey
Cr. Butte Co., Little Lost R.

71. Hesperoperla pacifica (Banks):

Bannock Co., City Cr.; Gibson Jack Cr.;

Mink Cr. Bingham Co., Jimmy Drinks
Spring; Spring Cr. Bonneville Co., Jensen
Cr.; McCoy Cr. Butte Co., Little Lost R.

Caribou Co., Portneuf R. Clark Co.,

Beaver Cr.; Birch Cr.; Camas Cr.; Medi-
cine Lodge Cr. Custer Co., Big Lost R.

Fremont Co., Robinson Cr.; Warm R.

Teton Co., Teton Cr.; Warm Cr.
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